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FOREWORD 


The major goal of this interface is to facilitate the integration 
of small computers and intelligent peripheral devices into 
computer systems. Since the computers and peripherals 
envisioned are physically small and the market for such 
systems is quite cost sensitive, the interface will be suitable 
for implementation in LSI circuitry and use inexpensive 
drivers, cables, and connectors, but need only operate over 
moderate distances (15 m) and data rates (1.5 Mbytes per 
second). The command set which will be a part of this 
standard will be a device independent set for hosts and 
intelligent devices which largely masks the internal structure 
of the device (cylinders, tracks, sectors, and the like) from the 
interface. 
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l. Scope 


This Shugart Associates System Interface defines a local I/O Bus specification 
which can be operated at data rates up to an estimated 1.5 megabytes per 
second, depending upon circuit implementation choices. The primary objective 
of the interface is to provide host computers with device independence, within 
a Class of devices. Thus, disk drives, tape drives, printers and even 
communication devices, of different types, can be added to the host computer 
without requiring modifications to generic system hardware or software. 
Provision is made for the ready addition of non-generic features and functions. 


The interface uses "logical" rather than "physical" addressing for all data 
structures. All data is addressed as logical blocks up to the maximum number 
of blocks in a device; and, each device can be interrogated to determine how 
many blocks it contains. 


Provision is made for cable lengths up to 15 meters using differential drivers 
and receivers. An in-cabinet mounting using cable lengths up to six meters and 
single ended drivers and receivers is also available. 


The interface protocol includes provision for the connection of multiple 
initiators (SASI bus devices capable of initiating an operation) and multiple 
targets (SASI bus devices capable of responding to a request to perform an 
operation). Arbitration (i.e., bus-contention logic) is built into the architecture 
of SASI. A logical priority system awards interface control to a SASI bus 
device that wins arbitration. 


2. Definitions 


BUS DEVICE A host computer or peripheral controller 
which can be attached to the SASI bus. 

BYTE 8 bits (Octet). 

CDB Command Descriptor Block 

CONNECT This function occurs when an INITIATOR 


selects a TARGET, to start an operation. 


CONTROLLER An SASI BUS DEVICE which controls one or 
more Peripheral Devices. 


DISCONNECT This function occurs when a TARGET drops 
off of the SASI bus, after a connect. 


ENDING STATUS 


INITIATOR 


INTERMEDIATE STATUS 


LUN 


ns 


PASSIVE SIGNAL STATE 


PERIPHERAL DEVICE 


RECONNECT 


SIGNAL ASSERTION 


SIGNAL DE-ASSERTION 


SIGNAL RELEASE 
TARGET 


uS 


3s Introduction 


One byte of information sent from a 
TARGET to an INITIATOR upon completion 
of one command or a set of linked commands. 


A Bus Device which initiates an operation on 
the SASI bus. 


One byte of information sent from a 
TARGET to an INITIATOR upon completion 
of each command in a set of linked 
commands except the last command in the 
set. 


Logical Unit Number. 
Millisecond. 


Nanosecond. 


When a signal is not driven by a SASI BUS 
DEVICE but is biased by the cable 
terminators to the non-asserted state. 


An I/O device such as a disk, printer or 
magnetic tape unit. 


This function occurs when a TARGET selects 
an INITIATOR to continue an operation after 
a disconnect. 

Driving a signal to the asserted state. 

When a signal is either driven by a BUS 
DEVICE to the non-asserted state or biased 


by the cable terminators to the non-asserted 
state. 


See PASSIVE SIGNAL STATE. 


A Bus Device on the receiving end of an 
operation on the SASI Bus. 


Microsecond. 


The main body of this specification is given in Sections 4., 5. and 6. 


Section 4. This section contains definitions of physical components of 
interface. It contains all of the specifications associated with obtaining and 
maintaining control of the SASI bus. 


Section 5. This section contains definitions of the message protocol which links 
the SASI bus devices to each other and controls the physical path between 
them. 


Section 6. This section contains definition of the operation of the interface in 
detail, which in turn defines the operation of the bus devices (controllers or 
hosts). 


"Standard" level SASI BUS devices shall implement all Standard (S) commands 
defined in section 6 for the applicable type of device, and may implement 
various Extended (E), Optional (O), or Vendor unique (V) commands as well. 
"Extended" level SASI devices shall implement all Standard commands for the 
applicable device type plus all Extended commands defined in section 6, and 
may implement various Optional or Vendor unique commands as well. The 
Extended level devices include commands necessary to write "device 
independent" software drivers which can "discover" all necessary device 
attributes without some prior knowledge of the specific device characteristics. 
The Extended level device also includes commands with a very large address 
space (232 blocks), adequate for all present and anticipated future devices, 
while the Standard command set provides for a somewhat restricted address 
space (241), which is adequate for present devices but may be insufficient for 
very large future devices (e.g., optical disks). Standard commands may be used 
with Extended class SASI devices; however, if the Generic device implements 
an address space greater than g21 blocks, the portion of the address space 
above block number 24!-1 cannot be accessed via the Standard commands. 


4, Physical Path Specification 
This is the physical path definition of the Shugart Associates System Interface 
(SASI), which is designed to provide an efficient method of communication 


between computers and peripheral input/output devices. 


SASI is implemented using an eight-port, daisy chained bus which includes the 
following key features: 


® Single or multiple host computer system. 

® Bus contention handled via distributed-arbitration on a prioritized 
basis. 

@ Accommodation of multiple peripheral device types. 

@ Asynchronous communication of up to 1.5 MBytes/sec, at 15 meters 
cable length. 

8 Multiple overlap of peripheral device operations. 

® Direct copy between peripheral devices. 

@ Oriented toward intelligent peripheral devices. 


4.1 SASSI BUS 


Communication on the SASI Bus is allowed between. only two SASI BUS PORTS 
at any given time. There is a maximum of eight (8) BUS PORTS. Each port is 
attached to a SASI DEVICE (e.g., peripheral device controller or host 
computer). 


When two SASI BUS DEVICES communicate on the bus, one acts as an 
INITIATOR and the other acts as a TARGET. The INITIATOR (typically a host 
computer) starts an operation and the TARGET (typically a peripheral device 
controller) performs the operation. A SASI BUS DEVICE will usually have a 


fixed role as an INITIATOR or TARGET, but some may be able to assume either 
role. 


An INITIATOR may address up to eight (8) peripheral I/O devices that are 
connected toa TARGET. Three sample system configurations are shown in 
Figure l. 


SIMPLE SYSTEM 


BASIC TWO CONTROL UNIT SYSTEM 


COMPLEX SYSTEM 


Up to 8 SASI DEVICES can be supported by the SASI bus. They 
can be any combination of host CPUs and intelligent controllers. 


Figure | 
Sample SASI Configurations 


Certain bus functions are assigned to the INITIATOR and certain bus functions 
are assigned to the TARGET. The INITIATOR may arbitrate for the bus and 
select a particular TARGET. The TARGET may request the transfer of 
COMMAND, DATA, STATUS or other information on the bus, and in some cases 
it may arbitrate for the bus and reselect an INITIATOR for the purpose of 
continuing some operation. 


Data transfers on the bus are asynchronous and follow a defined 
REQUEST/ACKNOWLEDGE handshake protocol. One eight-bit byte of 
information may be transferred with each handshake. 


4.2  SASI Physical Path Philosophy 


Consider the system shown in Figure 2 where an INITIATOR and TARGET 
communicate on the SASI bus in order to execute some command (e.g., READ 
or WRITE data). Since it would be cumbersome to briefly describe these 
functions at the detailed level of the bus, a higher level of description is used 
here. Only one of a number of possible partitions of the physical/functional 
interface is presented for illustration. 


££ PHYSICAL PATH ——______— 


Function INITIATOR TARGET Function 


Path Path Execution 
Control Control 


L__iniriator- L__tarGET———_—— 


Figure 2 
Physical Path 


4.2.1 Pointers 


In the SASI architecture there are three "conceptual" memory address pointers 
which point to the next byte of command, data or status to be accessed. The 
pointers are used to represent the state of the interface. The pointers reside in 
the INITIATOR path control. 


After the pointers are initially loaded by the INITIATOR, their movement is 
under strict control of the TARGET. When the TARGET transfers a byte of 
information to or from the three areas, the corresponding pointer increments. 


4.2.2 Typical Functions (External to Path Control) 


Listed below are some typical functions that affect the physical path but come 
from outside the physical path boundary. 


e Establish Path 


e Get Command 


e Get Data and 


Send Data 


@ Send Status 


e End of Command 


e End Path 


e Break Path 


® Reestablish Path 


This function allows the INITIATOR to set up 

the physical path (the physical and logical 
connection between the INITIATOR and a 
particular peripheral device for the purpose of 
executing some peripheral device command). This 
may involve arbitration to gain control of the SASI 
bus. The "Establish Path" function requires the 
peripheral device address (i.e., SASI TARGET bus 
address and LUN within that address). Also 
required are the three pointers to the COMMAND, 
DATA and STATUS areas. A saved copy of these 
pointers may also be required (see "Reestablish 
Path" and "Restore Pointers" functions). 


This function allows a TARGET to fetcha 
COMMAND from the area pointed to by the 
COMMAND pointer. 


These functions allow the TARGET to transfer 
data to or from the area pointed to by the 
DATA pointer. 


This allows the TARGET to send STATUS 
information for a command to the area pointed to 
by the STATUS pointer. 


This function is sent by the TARGET to indicate 
that the current command terminated and that 
valid status has been sent. (Note that the current 
command may be linked to another command.) 


The TARGET uses this function to completely 
clear the physical path with regards to the 
currently attached peripheral device. A new path 
can thus be established for this device. 


This function is done by the TARGET to 
temporarily break the physical path so that others 
may use the SASI bus. 


The TARGET uses this function to establish a 
physical path connection that was temporarily 
broken by the "Break Path" function. An indication 
of the INITIATOR's SASI bus address and the 
peripheral device address are required. SASI Dus 
arbitration is also required. The INITIATOR must 


_restore the COMMAND, DATA and STATUS 


pointers. 
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e End of Link This function is sent by the TARGET to 
indicate that the current command has terminated 
but that it was linked to another command. The 
initiator is then allowed to set up its COMMAND, 
DATA and STATUS pointers to the initial state of 
the next command. 


e Save Data Pointer The TARGET uses this function to direct the 
INITIATOR to save a copy of the current (active) 
DATA pointer for the currently connected 
peripheral device. 


e Restore Pointers The TARGET uses this function to direct the 
INITIATOR to load the current (active) 
COMMAND, DATA and STATUS pointers with the 
last saved values for the currently connected 
peripheral device. 


4.3 BUS Signals 


There shall be nine (9) control signals and nine (9) data signals (including 
parity), as listed below: 


BSY 
SEL 
C/D 
1/0 
MSG 
REQ 
ACK 
ATN 
RST 
DB (7-0, P) (Data Bus) 


These signals are described below: 


e BSY (BUSY) An "or-tied" signal which generally 
indicates when the bus is being used. 


e SEL (SELECT) An "or-tied" signal used by an 
INITIATOR to select a TARGET or by a 
TARGET to reselect an INITIATOR. 


e C/D (CONTROL/DATA) A signal driven by a TARGET; it 
generally indicates whether CONTROL or 
DATA information is on the data bus. 
Assertion indicates CONTROL. 


e 1/0 (INPUT/OUTPUT) A signal driven by a TARGET which 
controls the direction of data movement on 
the data bus with respect to an INITIATOR. 
Assertion indicates INPUT to the INITIATOR. 


Il 


MSG (MESSAGE) 


REQ (REQUEST) 


ACK (ACKNOWLEDGE) 


ATN (ATTENTION) 


RST (RESET) 


DB(7-0,P) (DATA BUS) 


A signal driven by a TARGET during the 
MESSAGE phase. 


A signal driven by a TARGET to indicate 
a request for a REQ/ACK data transfer 
handshake. 


A signal driven by an INITIATOR to 
indicate an acknowledgement for a 
REQ/ACK data transfer handshake. 


A signal driven by an INITIATOR to 
indicate the ATTENTION condition. 


An “or-tied" signal which indicates the 
RESET condition. 


Eight data bit signals, plus a parity bit 

signal which form a DATA BUS. DB(7) is the 
most significant bit and has the highest 
priority during ARBITRATION. Bit number, 
significance and priority decrease downward 
to DB(0). 


Data parity DB(P) is odd. The use of parity is 
a system option (i.e., a system is configured 
so that all SASI DEVICES on a bus generate 
parity and have parity detection enabled, or 
all SASI DEVICES have parity detection 
disabled or not implemented). Parity is not 
guaranteed valid during the ARBITRATION 
phase. 


Each of the eight data signals DB(7) through 
DB(0) is uniquely assigned as a TARGET or 
INITIATOR's own SASI BUS address (i.e., 
SASI DEVICE ID). This SASI DEVICE ID 
would normally be assigned and strapped ina 
SASI DEVICE during system configuration. 


During ARBITRATION, a SASI DEVICE that 
desires the use of the SASI BUS asserts its 
assigned data bit (SASI DEVICE ID) but 
leaves the other data bits in the passive (non- 
driven) state. Thus, a SASI DEVICE may use 
one data bit driver for its SASI DEVICE ID 
during ARBITRATION and a different driver 
when driving the complete data bus in other 
phases of the bus operation. 
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4.4 BUS Phases 
The bus shall have eight (8) distinct operational phases: 
e BUS FREE Phase 
e ARBITRATION Phase 
@ SELECTION Phase 
e RESELECTION Phase 
e COMMAND Phase 


e DATA Phase These phases are collectively termed the 


e STATUS Phase INFORMATION TRANSFER phases. 


e MESSAGE Phase 


The bus can never be in more than one phase at any given time. Unless 
otherwise noted, the following descriptions assume that bus signals which are 
not mentioned will not be asserted. 


4.4.1 Bus Free Phase 


The BUS FREE phase is used to indicate that no SASI DEVICE is actively using 
the bus and that the bus is available for subsequent users. 


The BUS FREE phase is created by the passive release of all bus signals. 


SASI DEVICES shall detect the BUS FREE phase by the simultaneous (within a 
DESKEW DELAY) condition of both SEL and BSY not asserted while the RESET 
condition is not active. 


During the BUS FREE phase, all active SASI DEVICES shall immediately release 
all bus signals (within a BUS CLEAR DELAY) after the BSY and SEL signals are 
released from the bus. 


4.4.2 Arbitration Phase (Optional) 


The ARBITRATION phase allows one SASI DEVICE to gain control of the bus so 
that this device can assume the role of an INITIATOR or TARGET. 


Note: Implementation of the ARBITRATION phase is a system option. Systems 
with no ARBITRATION phase can have only one INITIATOR. The 
ARBITRATION phase is required for systems which use the RESELECTION 
phase. 
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After a SASI DEVICE that wants to arbitrate for the bus detects the BUS FREE 
phase it shall wait a minimum of BUS FREE DELAY and a maximum of BUS 
SET DELAY in order to assert BSY and its own SASI DEVICE ID on the bus. 
(The time required for the device to detect the BUS FREE phase shall be 
included in the measurement of the amount of time that the device waits.) 


Note: The SASI DEVICE ID shall be asserted on the DATA BIT signal that 
corresponds to the device's unique BUS ADDRESS. All other seven DATA BIT 
drivers in this SASI DEVICE shall be passive. Data parity is not guaranteed 
valid during ARBITRATION. See 4.7 for restrictions on driving the parity 
signal. 


Any SASI DEVICE that is arbitrating shall immediately clear itself from 
arbitration (within a BUS CLEAR DELAY time) by releasing its BSY and ID 
signals if SEL is asserted by any other SASI DEVICE that has won arbitration. 


After an ARBITRATION DELAY (measured from the assertion of BSY) the SASI 
DEVICE that is arbitrating shall examine the DATA bus. If a higher priority 
SASI DEVICE ID is on the bus (DB(7) = highest) then the SASI DEVICE shall 
clear itself from ARBITRATION by releasing its BSY and ID signals. If the 
SASI DEVICE determines that its own ID is the highest asserted, then it wins 
ARBITRATION and asserts SEL; (after the assertion of SEL the SASI DEVICE 
shall wait a minimum of two BUS SETTLE DELAYS before changing the 
assertion of any bus signals). | 


4.4.3 Selection Phase 


The SELECTION phase allows an INITIATOR to select a TARGET for the 
purpose of initiating some TARGET function(s), (e.g. read or write data). 


Note: All during the SELECTION phase the I/O signal shall not be asserted so 
that this phase can be distinguished from the RESELECTION phase. 


In systems where the ARBITRATION phase is not implemented, the INITIATOR 
shall first detect the BUS FREE phase and then wait a minimum of BUS 
SETTLE DELAY. Then the INITIATOR shall assert the DATA BUS with both 
the desired TARGET's ID and its own INITIATOR ID (see option note at 4.4.3.1). 
After two DESKEW DELAYS the INITIATOR shall assert SEL. 


In systems with ARBITRATION implemented, the BSY and SEL signals shall be 
asserted by an INITIATOR when going from the ARBITRATION phase to the 
SELECTION phase. Also, the INITIATOR shall wait a minimum of two BUS 
SETTLE DELAYS. The INITIATOR shall then assert the DATA BUS with both 
the desired TARGET's ID and its own INITIATOR ID (see option note 4.4.3.1). 
After these assertions, the INITIATOR shall wait at least two DESKEW 
DELAYS and then release BSY. The INITIATOR shall then wait a BUS SETTLE 
DELAY before looking for a response from the TARGET. 
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In all systems, the selected TARGET shall detect the simultaneous (within a 
DESKEW DELAY) condition of SEL and its own SASI DEVICE ID asserted, and 
both BSY and I/O not asserted. The selected TARGET may sample the DATA 
BUS in order to try to determine the SASI DEVICE ID of the INITIATOR that is 
doing the selecting (see option note 4.4.3.1). The selected TARGET shall! then 
respond by asserting BSY within a SELECTION RESPONSE TIME of its actual 
detection of being selected; this is required for the timeout procedure to work. 
(Note that in systems with parity implemented, the TARGET shall not respond 
to its SASI DEVICE ID if bad parity is detected on the bus. Note also that if 
more than two SASI DEVICE IDs are on the bus, the TARGET shall consider this 
an illegal condition and shall not respond to the selection.) 


At least two DESKEW DELAYS after the INITIATOR detects BSY sent from the 
TARGET, it releases SEL and may change the DATA signals. 


4.4.3.1 Option: Initiators that do not implement the RESELECTION phase are 
allowed the option of asserting only one BUS DEVICE ID (the TARGET's ID) 
during SELECTION. 


4.4.3.2 Two optional selection timeout procedures are specified for clearing 
the SASI BUS if the INITIATOR waits a minimum of a SELECTION TIMEOUT 
PERIOD and there has been no BSY response from the TARGET: 


(1) The INITIATOR may cause the reset condition. 


(2) The INITIATOR shall leave SEL asserted and shall deassert all BUS 
ID signals. If the INITIATOR has not detected a BSY response from 
the TARGET after trying for at least a SELECTION RESPONSE 
TIME plus two DESKEW DELAYS, the INITIATOR shall release SEL 
and let the bus go to the BUS FREE PHASE. 


4.4.4 Reselection Phase (Optional) 


RESELECTION is an optional phase which allows a TARGET to reconnect to an 
INITIATOR for the purpose of continuing some operation that was previously 
started by the INITIATOR but was interrupted by the TARGET; (i.e., the 
TARGET disconnected by allowing a BUS FREE phase to occur before the 
operation was complete). 


4.4.4.1 RESELECTION can only be used in systems that have ARBITRATION 
implemented. 


After the TARGET has gone through the ARBITRATION phase, it will be 
asserting BSY and SEL and will have waited a minimum of two BUS SETTLE 
DELAYS. The TARGET shall then assert the I/O signal and also assert the 
DATA BUS with the desired INITIATOR's ID and its own TARGET ID. After 
these assertions the TARGET shall wait at least two DESKEW DELAYS and 
then release BSY. The TARGET shall then wait a BUS SETTLE DELAY before 
looking for a response from the INITIATOR. 


15 


The reselected INITIATOR detects the simultaneous (within a DESKEW DELAY) 
condition of SEL, I/O and its own SASI DEVICE ID asserted, and BSY not 
asserted. The reselected INITIATOR may sample the DATA BUS to determine 
the SASI DEVICE ID of the TARGET that is doing the RESELECTION. The 
reselected INITIATOR shall then respond by asserting BSY within a 
RESELECTION RESPONSE TIME of its actual detection of be reselected; this is 
required for the timeout procedure to work. (Note that in systems with parity 
implemented the INITIATOR shall not respond to a DEVICE ID that has bad 
parity. Note also that if more than two SASI DEVICE IDs are on the bus, the 
INITIATOR shall consider this an illegal condition and shall not respond to the 
RESELECTION.) 


After the TARGET detects BSY sent from the INITIATOR, the TARGET shall: 
(1) also assert BSY and continue the assertion until it is done using the bus; and 
(2) wait at least two DESKEW DELAYS and then release SEL and possibly 
change the I/O and DATA signals. 


The reselected INITIATOR detects the release of SEL and shall release its 
assertion of BSY. 


4.4.4.2 Two optional RESELECTION timeout procedures are specified for 
clearing the SASI BUS if the TARGET waits a minimum of a SELECTION 
TIMEOUT PERIOD and there has been no BSY response from the INITIATOR: 


l. The TARGET may cause the RESET condition. 


Zs The TARGET shall leave SELECT and I/O asserted and shall 
deassert all BUSY DEVICE ID signals. If the TARGET has not 
detected a BSY response from the INITIATOR after trying for at 
least a SELECTION RESPONSE TIME plus two DESKEW DELAYS, 
the TARGET shall release SEL and I/O and let the bus go to the BUS 
FREE phase. 


4.4.5 Information Transfer Phases (COMMAND, DATA, STATUS and 
MESSAGE Phases) 


Common Notes: The COMMAND, DATA, STATUS and MESSAGE phases can all 

be grouped together as the INFORMATION TRANSFER phases because they are 
all used to transfer data or control information via the DATA BUS. The actual 

contents of the information is beyond the scope of this section. 


The C/D, I/O and MSG signals are used to distinguish between the different 
INFORMATION TRANSFER phases. See Table lI. 
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Table 1 
Information Transfer Phases 


SIGNAL DIRECTION OF 

MSG C/D I/O PHASE NAME INFORMATION XFER COMMENT 
0 DATA OUT PHASE (INIT to TARG) | DATA 
1 DATA IN PHASE (INIT from TARG) PHASES 
0 | COMMAND PHASE (INIT to TARG) 
l STATUS PHASE (INIT from TARG) 
0 % 
l * 
0 MSG OUT PHASE (INIT to TARG) MESSAGE 
l MSG IN PHASE (INIT from TARG) PHASES 


Notes: 0 = SIGNAL DEASSERTION, | = SIGNAL ASSERTION. 
INIT = INITIATOR, TARG = TARGET. 
* = Not used. 


The INFORMATION TRANSFER phases use one or more REQ/ACK handshakes 
to control the data transfer. Each REQ/ACK allows the transfer of one byte of 
data. The REQ/ACK handshake shall start with the TARGET asserting the REQ 
signal. The INITIATOR shall respond by asserting the ACK signal. The 
TARGET shall then deassert the REQ signal. The INITIATOR shall again 
respond by deasserting the ACK signal. 


If the I/O signal is asserted, data will be INPUT into the INITIATOR from the 
TARGET. The TARGET shall guarantee that valid data is available on the bus 
at the INITIATOR's port at least a DESKEW DELAY before the assertion of 
REQ is at the INITIATOR's port. The data shall remain valid until the assertion 
of ACK by the INITIATOR. It shall be the TARGET's responsibility to 
compensate for the maximum CABLE SKEW and the skew of its own drivers. 


If the I/O signal is NOT asserted, data will be OUTPUT from the INITIATOR 
into the TARGET. The INITIATOR shall guarantee that valid data is available 
on the bus at the TARGET's port at least a DESKEW DELAY before the 
assertion of ACK is at the TARGET's port. Valid data shall remain on the bus 
until the TARGET deasserts REQ. It shall be the INITIATOR's responsibility to 
compensate for the maximum CABLE SKEW and the skew of its own drivers. 


During each INFORMATION TRANSFER phase the BSY line shall remain 
asserted and the SEL line shall remain released. Additionally, during each 
INFORMATION TRANSFER phase the TARGET shall continuously envelope the 
REQ/ACK handshake(s) with the C/D, I/O and MSG signals in such a manner 
that these control signals are valid for a BUS SETTLE DELAY before the REQ 
of the first handshake and remain valid until the deassertion of ACK at the end 
of the last handshake. 
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4.4.6 Command Phase 


The COMMAND phase allows the TARGET to request command information 
from the INITIATOR. 


The TARGET shall assert the C/D signal and deassert the I/O and MSG signals 
during the REQ/ACK handshake(s) of this phase. 


4.4.7 Data Phase 


The DATA phase is a term that encompasses both the DATA IN phase and the 
DATA OUT phase. 


4.4.7.1 Data In Phase 


The DATA IN phase allows the TARGET to request that data be INPUT to the 
INITIATOR from the TARGET. 


The TARGET shall assert the I/O signal and deassert the C/D and MSG signals 
during the REQ/ACK handshake(s) of this phase. 


4.4.7.2 Data Out Phase 


The DATA OUT phase allows the TARGET to request that data be OUTPUT 
from the INITIATOR to the TARGET. 


The TARGET shall deassert the C/D, I/O and MSG signals during the REQ/ACK 
handshake(s) of this phase. 


4.4.8 Status Phase 


The STATUS phase allows the TARGET to request that status information be 
sent from the TARGET to the INITIATOR. 


The TARGET shall assert C/D and I/O and deassert the MSG signal during the 
REQ/ACK handshake(s) of this phase. 


4.4.9 Message Phase 


The MESSAGE phase is a term that encompasses the MESSAGE IN, and 
MESSAGE OUT phases. 


4.4.9.1 Message In Phase 


The MESSAGE IN phase allows the TARGET to request that MESSAGES be 
INPUT to the INITIATOR from the TARGET. 


The TARGET shall assert C/D, I/O and MSG during the REQ/ACK handshake(s) 
of this phase. 
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4.4.9.2 Message Out Phase 

The MESSAGE OUT phase allows the TARGET to request that a MESSAGE be 
OUTPUT from the INITIATOR to the TARGET. The TARGET may invoke this 
phase at its convenience only in response to the ATTENTION condition created 
by the INITIATOR. 

In response to the ATTENTION condition, the TARGET shall assert C/D and 
MSG and deassert the I/O signal during the REQ/ACK handshake(s) of this 
phase. (See ATTENTION condition description 4.5.1.) 

4.4.10 Signal Restrictions Between Phases 


When the BUS is between two phases, the following restrictions shall apply to 
the bus signals: 


® The BSY, SEL, REQ and ACK signals shall not change. 

® The C/D, I/O, MSG and DATA signals may change. 

® The ATN and RST signals may change as defined under the 

descriptions for the ATTENTION and RESET conditions. 

4.5 BUS Conditions 
The bus has two asynchronous conditions: 

® ATTENTION Condition. 

® RESET Condition. 


These conditions cause certain BUS DEVICE actions and can alter the bus phase 
sequence. 


4.5.1 Attention Condition 


The ATTENTION condition allows an INITIATOR to inform a TARGET that the 
INITIATOR has a MESSAGE ready. The TARGET may get this message at its 
convenience by performing a MESSAGE OUT phase. 


The INITIATOR creates the ATTENTION condition by asserting ATN at any 
time except during the ARBITRATION or BUS FREE phases. 


The TARGET may respond with the MESSAGE OUT phase. 


The INITIATOR shall keep ATN asserted if more than one byte is to be 
transferred. 


The INITIATOR shall deassert the ATN signal during: (1) the RESET condition, 
or when the bus goes to a BUS FREE phase, or (2) while the REQ signal is 
asserted and the ACK signal is not yet asserted during the last REQ/ACK 
handshake of a MESSAGE OUT phase. 
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4.5.2 Reset Condition 


The RESET condition is used to immediately clear all SASI DEVICES from the 
bus and to reset these devices and their associated equipment (as defined in the 
DEVICE specification). 


This condition shall take precedence over all other phases and conditions. 
The RESET condition is created by the assertion of the RST signal. 

The RESET condition can occur at any time. 

The RESET condition shall be on for a minimum of a RESET HOLD TIME. 


Any SASI DEVICE (whether active or not) can create the RESET condition. The 
RESET condition should be used with caution because of its possible effects. 


During the RESET condition, no bus signal except RST is guaranteed to be ina 
valid state. 


When the RESET condition exists, all SASI DEVICES shall immediately (within a 
BUS CLEAR DELAY) release all bus signals except RST itself. 


The specification for the BUS DEVICE determines whether or not a specific I/O 
operation is "cleared" by the RESET condition. TARGETs which are capable of 
continuing an I/O operation interrupted by the RESET condition shall clear any 
I/O operation that has not yet been completely identified. Completely 
identified I/O operations are those I/Os for which a valid IDENTIFY message 
has been received following the initial selection. Refer to 5.2 for a definition 
of the IDENTIFY message and for a description of additional reset capability. 


Regardless of what bus phase may have been interrupted, following the RESET 
condition the bus shall go to a BUS FREE phase and then start a normal phase 
sequence. 


4.6 Phase Sequencing 
The order in which phases are used on the bus follows a prescribed sequence. 


In all systems, the RESET condition can interrupt any phase and is always 
followed by the BUS FREE phase. Also, any other phase can be followed by the 
BUS FREE phase. 


In systems where the ARBITRATION phase is not implemented, the allowable 
sequencing shall be as shown in Figure 3. The normal progression would be from 
the BUS FREE phase to SELECTION, and from SELECTION to one or more of 
the INFORMATION TRANSFER phases (COMMAND, DATA, STATUS or 
MESSAGE). 


In systems where the ARBITRATION phase is implemented, the allowable 


sequencing shall be as shown in Figure 4. The normal progression would be from 
the BUS FREE phase to ARBITRATION, from ARBITRATION to SELECTION or 
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RESELECTION, and from SELECTION or RESELECTION to one or more of the 
INFORMATION TRANSFER phases (COMMAND, DATA, STATUS or 
MESSAGE). 


There are no restrictions on the sequencing between INFORMATION 


TRANSFER phases. A phase may even follow itself (e.g., a DATA phase may be 
followed by another DATA phase). 
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Figure 3 
| Phase Sequencing 
(For systems with no arbitration) 


Figure 4 
Phase Sequencing 
(For systems with arbitration) 
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4.7 Signal Assertions 


Two methods of driving SASI Bus signals are specified for use in SASI BUS 
DEVICES: "or-tied" and "non-or-tied." With both methods, signal assertion 
shall be achieved by having the signal actively driven to the asserted state. For 
the "non-or-tied" method, signal non-assertion shall be achieved by driving the 
signal to the non-asserted state. For the "or-tied" method, signal non-assertion 
shall be achieved by a passive driver condition which allows the cable 
terminators to bias the signal to the non-asserted state; the signal shall not be 
driven to the non-asserted state. 


Implementation of the BSY, SEL and RST signals shall always be with the "or- 
tied" method. Implementation of the other signals may be done with either 
method. 


Table 2 indicates which type of SASI BUS DEVICE is allowed to source each 
signal. No attempt is made to show if this source is driving asserted, driving 
non-asserted or is passive. All Bus Device drivers that are not active sources 
shall be in the passive state. Note that the RST signal may be sourced by any 
SASI BUS DEVICE at any time. 
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Table 2 


Signal Sources 


Signal 

C/D, 1/0 
Bus Phase BSY SEL MSG, REQ ACK/ATN  DB(7-0,P) 
Bus Free None None None None None 
Arbitration All One None None ID 
Selection I&T Init None Init Init 
Reselection I&T Targ Targ Init Targ 
Command Targ None Targ Init Init 
Data In Targ None Targ Init Targ 
Data Out Targ None Targ Init Init 
Status Targ None Targ Init Targ 
Message In Targ None Targ Init Targ 
Message Out Targ None Targ Init Init 


CANS ED ED AND OED SED GE GND ENE ED CED GED CED ORD SED EE END COED CAE OED CEE GED ED SED GEUD SED OED FEED GERD 2ED ED CED US FEE ED GED ED GED UD ED SED ED SEER ND EE ERD ES ED ED ED RD ED GD END CED NE ED ES ED ED ED ED BOD ED ERD NE OED ED GE OES ED SOD ED WED OD OED OD OOD ED OD Cle OOD cD cE ee OD ene oD 


All = The signal shall be driven by all SASI BUS DEVICES that are actively 
arbitrating. 


ID = A unique data bit (the SASI BUS DEVICE ID) shall be driven by each Bus 
Device that is actively arbitrating; the other seven data bits shall be 
released (i.e., not driven) by this Bus Device. The parity bit (DB(P)) 
may be undriven or driven to the asserted state, but shall never be 
driven to the non-asserted state during this phase. 


I&T = The signal shall be driven by the INITIATOR and/or TARGET as 
specified in 4.4.2 and 4.4.3. 


Init = If this signal is driven, it shall be driven only by the active INITIATOR. 


None = The signal shall not be driven by any Bus Device (i.e., all drivers shall 
be passive). 


One = The signal shall be driven by the one Bus Device that wins arbitration. 


Targ = If this signal is driven, it shall be driven only by the active TARGET. 
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4.8 Timing 


Unless otherwise indicated, the delay time measurements for each SASI 
DEVICE shall be calculated from signal conditions existing at that device's own 
SASI BUS PORT. Thus, normally these measurements need not consider delays 
in the bus cable. 


e ARBITRATION DELAY (1.7 us) 
The minimum time a SASI DEVICE must wait 
from asserting BSY for arbitration until the 
data bus can be examined to see if 
arbitration has been won. There is no 
maximum time. 


e BUS CLEAR DELAY (650 ns) 
The maximum time that a SASI DEVICE can 
take to stop driving all bus signals after: 
@ The release of BSY when going to 
the BUS FREE phase. 
® Another SASI DEVICE asserts SEL 
_ during the ARBITRATION phase. 


e BUS FREE DELAY (100 ns) 
The minimum time that a SASI DEVICE must 
wait from its detection of the BUS FREE 
phase until its assertion of BSY when going to 
the ARBITRATION phase. 


e BUS SET DELAY (1.1 us) 
The maximum time a SASI DEVICE can take 
from its detection of the BUS FREE phase to 
its assertion of BSY and its ID for the 
purpose of ARBITRATION. 


e BUS SETTLE DELAY (450 ns) 
The minimum time to wait for the BUS to 
settle after changing certain control signals. 


e CABLE SKEW (10 ns) 
The maximum difference in propagation time 
allowed between any two SASI BUS signals 
when measured between any two SASI BUS 
PORTS. 


e DESKEW DELAY (45 ns) 


Used to calculate the minimum time required 
for deskew of certain BUS signals. 
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e RESET HOLD TIME (25 us) 
The minimum time for which RST is asserted. 
There is no maximum. 


e SELECTION (200 us) 

RESPONSE TIME The maximum time a TARGET (or 
INITIATOR) shall take from its actual 
detection of being selected (or re-selected) 
until asserting a BSY response. 

e SELECTION (250 ms) (recommended) 

TIMEOUT PERIOD The minimum time that an INITIATOR (or 
TARGET) shall wait for a BSY response 
during the selection (or re-selection) phase 
before starting the TIMEOUT PROCEDURE. 


Note that this is only a recommended time 
period. Consult device specifications for the 
actual timing requirements. 


4.9 Physical Description 


SASI devices are daisy-chained together using a common cable. Both ends of 
the cable are terminated. All signals are common between all SASI devices. 
Two driver/receiver options are available: 


e@ Single-ended drivers and receivers, which allow a maximum cable 
length of six meters (primarily for in-cabinet interconnection). 


e Differential drivers and receivers, which allow a maximum cable 
length of fifteen meters (primarily for interconnection outside of a 
cabinet). 


4.9.1 Cable Requirements (Single-Ended Option) 


A fifty (50) conductor flat cable (or twisted pair flat cable) shall be used. The 
maximum cable length shall be 6.0 meters. 


Each SASI BUS PORT shall have a 0.1 meter maximum stub length of any 
conductor when measured from the bus cable connector. 


Bus termination may be internal to the SASI BUS DEVICES that are at the ends 
of the bus cable. 


The cable pin assignment shall be as shown in Figure 7. 

Cable Connector Requirements: The connector shall be a fifty (50) conductor 
flat cable connector which consists of two rows of 25 female contacts on 100 
mil centers. See Figure 5. Note that keying is optional. 

Bus Device Connector Requirements: The connector shall be a fifty (50) 


conductor connector which consists of two rows of 25 male pins on 100 mil 
centers. See Figure 6. Note that a shroud and header body are optional. 
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4.9.2 Cable Requirements (Differential Option) 


A fifty conductor flat cable or twisted pair cable shall be used. The maximum 
cable length shall be 15 meters. 


Each BUS PORT shall have a 0.2 meter maximum stub length of any conductor 
when measured from the bus cable connector. The maximum stub link 
difference shall be 0.1 meters. 


Bus termination may be internal to the BUS DEVICES that are at the ends of 
the bus cable. 


The cable pin assignment shall be as shown in Figure 8. 
Connector Requirements: The connector shall be a fifty (50) conductor flat 


cable connector or equivalent for round cable. The connector shall consist of 
two rows of 25 pins on 100 mil centers. 
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Figure 5 
Cable Connector 
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Figure 6 
Bus Device Connector 
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Table 3 
Dimensions For Cable Connector 


Ab SD UD UD UD AEN ETE ED AND AND EEE AD AED GD ORD OD ND GOED CRED GED ORD AUD OND CED a ED SSD ED ED RD CD RD SD TED UD AED GED GU ERE ERD CRED GED GED GED GERD GONE OED ED MND UD EMD SOND COE ED ND AED OUD AUS AED SED GND UND WAND RD ENED OUND “OND OND COND COND SND SND ND SND SND ND SD AE SD ND ND UND SOLED CRED CED CED 
0 CED AD WED GAD ED WED GND ATED GD END CRD CED GND END SES GD CD ED SD AND OUD OED CTD END CAND AED SD COED ED OED ED GED GRE WE UND OUND SUED CHEE WEED GUND GATED AOD GUND GOD OUD MOEN END GED CUED GUND CUD GNP CUNY GEES SEND GUND COED CLMD GEIS CUED SEND GD ED GD GURY GED CUED END GND CHD GD ERD CED GED CUR AED ameD OE GD OD SED OU OD om me 


Millimeters Inches 
Cl 2.5400 0.100 
C2 60.9600 2.400 
C3 2.5400 0.100 
C4 8.3570 0.329 
C5 3.3025 0.130 
C6 68.0720 2.680 
C7 6.0960 0.240 
C8 8.1530 0.321 
C9 13.4870 0.531 
C10 3.8100 0.150 
Cll 1.2700 0.050 
C12 6.0960 0.240 
C13 32.3850 1.275 
C14 3.3020 0.130 
C15 7.4930 0.295 
C16 2.6670 0.105 
C17 1.6250 0.064 


a ED GD AUER RED ED SEE ED AED SOS OU GS ED ED EE GRD GED OED CED ED OUD CED GED GEES SEED OED SUED ED GUD GUD CED SED ED ED SAE ED ITE ED AED END SEED ENE ORD GUND HRD GUND COND GED GREP CED GUD COS SAN SEND SIND GUD SEND CUED WEN SEED GOD OND SEND ED CU OED GE GUD OUD GD CED SEND AED SUD OS CAND VERD GED SED GORD CE OND OD OOD cony ED oeD 
SD OD NR ED CRED NS ND OUD AED ED AD GD OOD ED SED AED SED OD SD ED SED GD ED ED SD GED AED OED SED ED END GED GD OD GUD SED GED GE SED ED GRD ED ED ED UE ED ONE EE OED UE SED OE ED ED ERE ED ED ED GD ND ED OED ES OED ED ED 00D OED GEE SED OED OO) GES SED ND GED END ED OD OD OD ED OD oe ee oD oD 


Note 1: 50 Contacts on 1.27 mm (0.05 in) staggered spacing = 62.23 mm (2.450 in) 
Note 2: Tolerances +/- 0.127 mm (.005 in) noncumulative 


Table 4 
Dimensions For Bus Device Connector 


Millimeters Inches 
D1 2.54 0.100 
D2 82.80 3.260 
D3 2.54 0.100 
D4 4.83 0.190 
D5 8.51 0.335 
D6 72.64 2.860 
D7 78.74 3.100 
D& 13.94 0.549 
D9 4.19 0.165 
D10 6.09 0.240 
D1 6.60 0.260 


Note l: 50 Contacts on 2.54 mm (0.100 in) spacing = 60.96 mm (2.40 in) 
Note 2: Tolerances +/- 0.127 mm (.005 in) noncumulative 
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SIGNAL PIN NUMBER 


-DB(0) 2 
-DB(1) 4 
-DB(2) 6 
-DB(3) 8 
-DB(4) 10 
-DB(5) 12 
-DB(6) 14 
-DB(7) 16 
-DB(P) 18 
GROUND 20 
GROUND 22 
GROUND 24 
*TERMPWR 26 
GROUND 28 
GROUND 30 
-ATN 32 
GROUND 34 
-BSY 36 
-ACK 38 
-RST 40 
-MSG | 42 
-SEL 44 
-C/D 46 
-REQ 48 
-]/O D0 


*Note: This pin is reserved for providing optional terminator power (plus 5 volts). 


Note: All odd pins except pin 25 shall be connected to ground. Pin 25 should be left 
open but may be connected to ground. 


Figure 7 
Pin Assignments (Single-Ended Option) 
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SIGNAL PIN NUMBER SIGNAL 


*SHIELD GROUND l 2 GROUND 
+DB(0) 3 4 -DB(0) 
+DB(1) > 6 -DB(1) 
+DB(2) 7 8 -DB(2) 
+DB(3) 9 10 -DB(3) 
+DB(4) ll 12 -DB(4) 
+DB(5) 13 «14 -DB(5) 
+DB(6) 15 16 -DB(6) 
+DB(7) 17, 18 -DB(7) 
+DB(P) 19 20 -DB(P) 
GROUND 21 22 GROUND 
GROUND 23-24 GROUND 

**TERMPWR 25 26 **TERMPWR 
GROUND 27. —s 28 GROUND 
+ATN 29 =30 -ATN 
GROUND 31 32 GROUND 
+BSY 33 34 -BSY 
+ACK 35 36 -~-ACK 
+RST 37. 38 -RST 
+MSG 39-40 -MSG 
+SEL 41 42 -SEL 
+C/D 43 «44 -C/D 
+REQ 45 46 -REQ 
+1/O 47 48 -1/O 
GROUND 49 50 GROUND 


*Optional shield ground on some cables. 


**These pins are reserved for providing optional terminator power (plus 5 volts). 


Figure 8 
Pin Assignments (Differential Option) 
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4.10 Electrical Description 


Note: For these measurements, bus termination is assumed to be external to the 
SASI DEVICE. A typical SASI DEVICE would have the provision for allowing 
optional internal termination. 


4.10.1 Single-Ended Option 
All signals shall be asserted low. 


All assigned signals are terminated with 220 ohms to +5 volts (nominal) and 
330 ohms to ground at each end of the cable. See Figure 9. 


All signals use open collector or three-state drivers as noted in Section 4.7. 


Each signal driven by a SASI DEVICE shall have the following output 
characteristics when measured at the device's SASI BUS PORT connection: 


Signal Assertion = 0.0 VDC to 0.4 VDC 
Minimum driver output capability = 48 ma (sinking) @ 0.5 VDC 
Signal Non-assertion = 2.5 VDC to 5.25 VDC 


Each signal received by a SASI DEVICE shall have the following input 
characteristics when measured at the device's SASI BUS PORT connection: 


Signal Assertion = 0.0 VDC to 0.8 VDC 
Maximum total input load = -0.4 ma @ 0.4 VDC 
Signal Non-assertion = 2.0 VDC to 5.25 VDC 
Minimum input hysteresis shall be 0.2 VDC 


4.10.2 Differential Option 


All bus signals consist of two lines denoted SIGNAL (+) AND SIGNAL (-). A 
signal is ASSERTED when SIGNAL (+) is more positive than SIGNAL (-), while a 
signal is NON-ASSERTED when SIGNAL (-) is more positive than SIGNAL (+). 
All assigned signals shall be terminated at each end of the cable as shown in 
Figure 10. 


Each signal driven by a SASI Device shall have the following output 
characteristics when measured at the device's SASI BUS PORT connection: 


VoL (Low-level output voltage) = 2.0V Max @ Io, = 55 mA. 
VOH (High-level output voltage) = 3.0V Min @ IoH =-55 mA. 


These two levels shall be as measured between the output terminal and the SASI 
DEVICE's logic reference. 


Vop (Differential voltage = 1.0V Min with common-mode voltage ranges from - 
7V to +12V). 


The output characteristics shall additionally conform to EIA Standards Proposal 
Number 1488, Draft 9, dated June 3, 19381. 
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Each signal received by a SASI DEVICE shall have the following input 
characteristics when measured at the device's SASI BUS PORT connection. 
(Note: These characteristics include both receivers and passive drivers): 


Ij (Input current on either input) = + 2.0 mA max. 


This requirement shall be met with the input voltage varying between -7V and 
+12V and with power on or off. 


Hysteresis = 35 mV Min. 


The input characteristics shall additionally conform to EIA Standards Proposal 
Number 1488, Draft 9, dated June 3, 1981. 
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Figure 9 
Termination for Single-Ended Option 


Figure 10 
Termination for Differential Option 
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5. Message System Specification 


The message system allows communication between an INITIATOR and 
TARGET for the purpose of physical path management. 


5.1 Message Protocol 


All SASI bus devices shall implement the COMMAND COMPLETE message. A 
functional SASI bus device can be constructed without using any of the other 
messages if the LUN is specified in the CDB. 


SASI DEVICES indicate their ability to accommodate more than the COMMAND 
COMPLETE message by asserting or responding to the ATN signal. The 
INITIATOR indicates this by creating the ATTENTION condition before it 
releases BSY when going through the SELECTION phase. The TARGET 
indicates its ability to accommodate more messages by responding to the 
ATTENTION condition with the MESSAGE OUT phase after going through the 
SELECTION phase. 


Normally, the first message sent by the INITIATOR after the SELECTION phase 
is the IDENTIFY message. This allows the establishment of the physical path 
for a particular LUN specified by the INITIATOR. After RESELECTION, the 
TARGET 's first message is also IDENTIFY. This allows the physical path to be 
re-established for the TARGET's specified LUN. Under some exceptional 
conditions, an INITIATOR may send the ABORT message or the BUS DEVICE 
RESET message instead of the IDENTIFY message, as the first message. 


Whenever a physical path is established in an INITIATOR that can accommodate 
disconnection and reconnections, the INITIATOR must assure that the present 
pointers of the physical path are equal to the saved pointers for that particular 
LUN. 


Note that BUS DEVICES that implement any message other than the 
COMMAND COMPLETE message shall also implement the REJECT message. 
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5.2 Messages 


Table 5 
Message Codes 


LS A SD AD AD AD CN HN SD OD GD OND AN ANN OTD AND AD ED SD OD NED COR SUNN GED AEN ED GD ND ED AEE GD GD ED OND OD SD SD GD GED OE GED ED omy OD 


COMMAND COMPLETE 
EXTENDED MESSAGE FOLLOWS 
SAVE DATA POINTER 

RESTORE POINTERS 
DISCONNECT 

INITIATOR DETECTED ERROR 
ABORT 

MESSAGE REJECT 

NO OPERATION 

MESSAGE PARITY ERROR 
LINKED COMMAND COMPLETE 
LINKED COMMAND COMPLETE (WITH FLAG) 
BUS DEVICE RESET 

RESERVED 

IDENTIFY 


AD ED AD AD CED AEE OD CAD RAY HAND AD LE GU ENED GET NP UND GUND ETD CURD AAG ND SUED TD CEES OD COUN GUND ED GND ND OD GD GUND ONG) GY SOND GD GED NS SN COD OOD CUED ND GRD AD GD CE ED AND OEE 
ED DS OD ED ED ED CU ER GD. ED ETD CUED GED SUD GED CHD OND ED ED OE GD GEE ED EP GED GED OED CO NED SED OOD ED OER 4000 GED GED URS SED ER GED CED GRD GED CED AED en OED OnE ED OD eD 


The single byte messages are listed along with their coded values (in HEX) and 


their definitions. 


COMMAND 
COMPLETE (00) 
(Standard) 


Sent from a TARGET to an INITIATOR to 
indicate that the execution of a command (or 
series of linked commands) has terminated. 
and that valid status has been sent to the 
INITIATOR. 


Note: This command may have been executed 
successfully or unsuccessfully as indicated in 
the status. 
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EXTENDED MESSAGE 
FOLLOWS (01) 
(Optional) 


SAVE DATA POINTER (02) 
(Optional) 


RESTORE POINTERS (03) 
(Optional) 


DISCONNECT (04) | 
(Optional) 


INITIATOR DETECTED 
ERROR (05) 
(Optional) 


Sent from either the INITIATOR or TARGET 
to indicate that a multiple byte message will 
follow. (See 5.3 for extended messages.) 


This code is sent from a TARGET to direct 
the INITIATOR to save a copy of the present 
active data pointer for the currently 
attached LUN. See 4.2.1 for a definition of 
pointers. 


This code is sent from a TARGET to direct 
the INITIATOR to restore the most recently 
saved pointers (for the currently attached 
LUN) to the active state. Pointers to the 
COMMAND, DATA, and STATUS locations 
for the LUN will be restored to the active 
pointers. COMMAND and STATUS pointers 
will be restored at the beginning of the 
present operation. The DATA pointer will be 
restored at the beginning of the operation or 
at the point at which the last SAVE DATA 
POINTER message occurred. 


Sent from a TARGET to inform an 
INITIATOR that the present physical path is 
going to be broken (the TARGET will 
disconnect by releasing BSY), but that a later 
reconnect will be required in order to 
complete the current operation. By not 
sending this message or the COMMAND 
COMPLETE message before going to BUS 
FREE (other than as a result of reset), the 
TARGET indicates that a error condition has 
occured on the current I/O. 


Sent from an INITIATOR to inform a 
TARGET that an INITIATOR detected 
retryable error has occured since the last 
time the state of the DATA POINTER was 
saved. 


Note: Commonly, this is for a data parity 
error. 
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ABORT (06) 
(Optional) 


MESSAGE REJECT (07) 
(Optional) 


NO OPERATION (08) 
(Optional) 


MESSAGE PARITY 
ERROR (09) 
(Optional) 


This message is sent from the INITIATOR to 
direct the TARGET to: 


1. Clear any I/O for the specified LUN from 
the selecting INITIATOR 


2. Cause the bus to go to the BUS FREE 
phase. 


No status or ending message shall be sent for 
the I/O. Only the I/Os from a single 
INITIATOR are affected. If no LUN has been 
selected by the IDENTIFY message, then all 
pending I/O operations for the selected 
TARGET from that INITIATOR will be 
cleared. 


This message is sent from either the 
INITIATOR or TARGET to indicate that the 
last message it received was inappropriate or 
has not been implemented. 


Note: In order to indicate its intentions of 
sending this message, the INITIATOR 
must assert the ATN signal prior to 
its release of ACK for the REQ/ACK 
handshake of the message that will be 
rejected. This provides an interlock 
so that the TARGET can determine 
which message will be rejected. This 
message shall be implemented if any 
other optional messages are 
implemented. 


Sent from an INITIATOR in response to a 
TARGET's request for a message when the 
INITIATOR does not currently have any other 
valid message to send. 


Sent from either the INITIATOR or TARGET 
to indicate that the last message it received 
had a parity error. 


Note: In order to indicate its intentions of 
sending this message, the INITIATOR 
must assert the ATN signal prior to its 
release of ACK for the REQ/ACK 
handshake of the message that has the 
parity error. This provides an 
interlock so that the TARGET can 
determine which message has the 
parity error. 
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LINKED COMMAND 
COMPLETE (0A) 
(Optional) 


LINKED COMMAND 
COMPLETE 

(WITH FLAG) (0B) 
(Optional) 


BUS DEVICE RESET (0C) 
(Optional) 


RESERVED (0D to 7F) 


IDENTIFY (80 to FF) 
(Optional) 


Sent from a TARGET to an INITIATOR to 
indicate that the execution of a linked 
command has completed and that status has 
been sent. The INITIATOR is then allowed to 
set up the pointers for the initial state for 
the next linked command. 


Sent from a TARGET to an INITIATOR 
to indicate that the execution of a linked 


command (with the FLAG set) has completed 
and that status has been sent. The 
INITIATOR is then allowed to set up the 
pointers for the initial state of the next 
linked command. Typically the FLAG would 
Cause an interrupt in the INITIATOR. 


This message can be sent from an INITIATOR 
to direct a TARGET to reset all current I/O 
operations on that BUS DEVICE. This 
message forces the BUS DEVICE to an initial 
state with no I/O operations pending for any 
INITIATOR. 


Reserved for future definition. 


This message can be sent by either the 
INITIATOR or TARGET. It is used to 
establish the physical path connection 
between an INITIATOR and TARGET for a 
particular LUN. 

Bit 7 This bit is always set to 
distinguish this message from the 
others. 

Bit 6 This bit is only set by the 
INITIATOR. When it is set, it 
indicates that the INITIATOR has 
the ability to accommodate 
disconnection and reconnection. 


Bits 5-3 Reserved. 


Bits 2-Q These bits specify an LUN 


address in a TARGET. 
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5.3 Extended Messages 
Messages whose first byte is 01 HEX are multiple byte messages that take the 


following form: 


Table 6 
Extended Message Format 


BYTE VALUE FUNCTION 

0 }©— ol ~—~—-—sCExtended Message Follows” 
1 nn —s—=<“‘<‘«é‘é‘é*C* ted Message Length = 
022000 yy -—~—~<“«s*C Eten Message Code™ 


CD EE CR ED ER AED ED OAD GS GUND EEE ED OED ENE GND SD CUED AED GED GERD SUED ED WATE ND CED CTD EEE GD ND SEND CANES SAD END CHU VENISON CUED GND ETD GARD AEP AOD AND NED CUE) LIED GD OUD GND GHD SED OUND SAND GUND SEND GOR GND CW SNES GHEE CUED GEER GUD GED END HOH LEED WEN CUED UND GED NED CUD ND GED CUED GOED SD GANT GUD GND CAND UTD COND END GED GUND CH GUND CUD GED ATRD GND GUND CED GHD CED GD ED OD ae 


AD ED TD SD GED GN AD CUED RD ED HAND UD OE GD GED UD GD CUR GD AED GAD ED OUND ED OE GED OE OED ANNE GED GENE GUD SUID OE CCRD HRND GIN SEED CRD HTD SOND ND OO AOD GOED CUED NED COLD GOURD GUD END GENE SOD CARD GENT MND TD AED GND SURE OUND GEED OED END GEES GERD UD OND GND LUD CED GMD GED SUN GAD GD SEND COED GED SED GU CUED SUP CED HED SEED OUND GHEE END GUND GUND UD THD CHUN) GENS GND GUD ED GND Mim wD 
SD CED RD GNP iN ND AGE SED AED CED AT AND EUS ED END SOT AND CD ED OEE AED AED AED GEES GED SRD GUNNS MED CONE GND RD GOED GOED COED CEG UTED MND SEND SHEN COOKE WELD SEINED UTI CORED GHEY COUT CUD OUND Cane OHNE) EEE MORED eA SEND GERD GUND MENND AOE) SURED GND OND SEND WANED GED GUND GOOD AE AND GEE SOD GUD ND GUD SEND OED OND GE OUD GUNS AED NED ND COND ARES AED SEND EOD COD SEED SONY GND ED COED ORD GED ENE) ND GD OOD OD GD 


nn = Number of bytes to follow this byte. A value of zero indicates 256 bytes. 


Table 7 
Extended Message Code 


Code Description 
00 MODIFY DATA POINTER (Optional) 
O01 to 7F RESERVED 
80 to FF VENDOR UNIQUE 
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Table 8 
Modify Data Pointer 


OD END ND ED EE GUD AD AED OED SUD SUS SEED GENE OTE ED CED SED OED GERD AND CUNY REND CED CD GED GOD GORE CURE ERED GOED UND AOU ED GUND GUND COED UD WS SANS SEND SND CUED OED aD GRE GETS GERD COD GED GE CUED GOED GED GETS ERD SEND SNE GND ED GE SD SED SED ED GD END OD END SED SEED GED ED GND GND VERS GUND GUN) GHEE SEED CED SENED ED AUND ne) TEND CLAD GND LAE GEND SEED NY GRE GED GUND GOED ORME oD ce Om on <ED 
EP UE ND END ANN AD AER AAD OED ED ED GEES ED SEES CRED AD ED NY GD SUNY SEED GEE ND GENE ED SEED AED OED CUP SED CAND ND SEED GND EED SED SD OUD MOND GED ND GENS SEED OED GOED GED GUND GND CURD GUE GED GD OUD GRE GED OUD GED GED SEND OUD GED ED GEE GED CHD SED OED OED CRD SEND GED GED GRD ED GED RD AD ED COED ATED GEED CUED OED GED CUED ED GED CRD GUE) SEED COND G0ED GOED GUND GED OD Ge ES OE OD 


BYTE VALUE FUNCTION 

o | 01 ~~~‘ Extended Message Follows ssts—~S 
ob | 05 -~—«s*Extended Message Length” 
022000~C~SU 00 ~~ ~+~—~« Modified Data Pointer Code stS—~™S 
3 3 x ~~ MSBArgument 
ne mx ”~”*~<Agument 
06 3 xx ”*~<SAgment 
06 | x —SLSBArgument 


This message is sent from the TARGET to the INITIATOR and requests that the 
signed argument be added (two's complement) to the present value of the data 
pointer. 


6. Command and Status Definition 


This is the functional definition of the Shugart Associates System Interface, 
software command set, as well as specific status information related to the 
various commands. The document defines the logical structure of the I/O 
subsystem, the functions available from the I/O subsystem, and how to request 
these functions. | 


By defining a fixed block structure using a simple logical address scheme, the 
I/O interface can support device independence. In addition, by including the 
address as a component of the command structure, physical requirements such 
as SEEK can be imbedded within the basic READ and WRITE requests. 


Although the interface has been kept quite simple, it has been designed to 
provide high performance in a multiple host multi-task environment. Functions 
have been included to enhance random access applications. Multiple block 
transfers may be accomplished with a single command. 


By keeping to a minimum the functions essential to communicate via this 
protocol, a wide range of devices of varying capability can operate in the same 
environment. The objective of low cost may be satisfied without precluding 
that of high performance. 


42 


6.1 SASI Functional Control Philosophy 


This subsection contains examples of the process of obtaining commands, 
transferring data, and storing results. Command execution itself (the actual 
implementation of a command) is device specific and is therefore not described. 
Because subsets of the full architecture may be implemented, optional 
functions are noted. 


6.1.1 Single Command Example 


A typical operation on the SASI interface is likely to include a single READ to 
the I/O subsystem. This operation will be described in detail starting with a 
request from the system to the INITIATOR path control logic. Data that is sent 
back during the READ shall be data that most recently was properly written. 


The INITIATOR path control logic has an active state and a set of stored states 
representing active disconnected devices (INITIATOR path control logic without 
disconnect capability does not require stored states). Upon receipt of an 
"Establish Path" request from the system, the INITIATOR path control logic 
sets up the active state for the operation, arbitrates for the bus, and selects the 
LUN. Once this process is completed, the TARGET function control logic (a 
functional component of the LUN) assumes control of the operation. 


The TARGET obtains the command from the INITIATOR (in this case a READ 
command) via the "Get Command" request to the TARGET path control logic. 
The TARGET then reads the data from the peripheral device and sends it to the 
INITIATOR using the "Send Data" function of the TARGET path control logic. 
At the completion of the READ command, the TARGET stores the command's 
completion status in the INITIATOR using the "Send Status" path control 
function. To end the operation, and to acknowledge completion, the TARGET 
path control logic is given the "End Path" function. 


6.1.2 Disconnect Example 


In the above READ example, the length of time necessary to obtain the data 
may have been considerable (e.g., requiring a time-consuming physical seek). In 
order to improve system throughput, the TARGET may disconnect from the 
INITIATOR, freeing the bus to allow other requests to be sent to other LUNs. 
To do this, the INITIATOR path control logic must be reselectable and capable 
of restoring the device state upon reconnection. The TARGET path control 
logic must be capable of arbitrating for the data bus and reselecting the 
INITIATOR. 


After the TARGET has received the READ command (and determined that 
there will be a delay), it will request, via path control logic, that the 
INITIATOR save the present state; this state differs from the state when the 
TARGET was initially selected because the command has already been 
transferred. The TARGET then requests that the TARGET path control logic 
break the path (i.e., disconnect). 


When data is ready to be transferred, the TARGET will request that path 


control logic reconnect the INITIATOR. As aa result of this reconnection, the 
INITIATOR path control logic will restore the "saved" state (last saved by the 
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reconnecting LUN); the TARGET will continue (as in the single command 
example) to finish the operation. At "Path End," the INITIATOR path control 
logic recognizes that the operation is complete. 


On those occasions when a TARGET could disconnect without first saving the 
latest state (as might occur if an error was detected while transferring data to 
the INITIATOR), the operation may be repeated by either restoring the previous 
state or by disconnecting without saving the present state. When reconnection 
is completed, the previous state will be restored. 


6.1.3 Linked Command Example 


The "Link" function defines a relationship between commands which, when 
combined with the RELATIVE ADDRESS BIT, allows previous operations to 
modify subsequent commands. "Link" makes high performance I/O functions 
possible by providing a relative addressing capability and allowing multiple 
command execution without invoking the functional component of the 
INITIATOR and without requiring reselection. 


If the desired data address (in the previously described READ example) is 
unknown, but a search key defined as some particular bytes of the field is 
known, then by linking the READ to a SEARCH EQUAL command this data can 
be quickly and effectively transferred to the INITIATOR. 


One additional function must be completed prior to requesting the next 
command. This function, "End of Link," is sent from the TARGET to the 
INITIATOR to acknowledge command completion. The INITIATOR then updates 
the stored state so that subsequent requests from the TARGET will reference 
the next command of the chain. Other than the "End of Link" function and the 
address modification of linked commands, command processing of linked and 
single commands is identical. 


For example, the successful completion of a SEARCH EQUAL will cause the 
TARGET to fetch the linked READ command from the INITIATOR. If the 
RELATIVE ADDRESS BIT in the READ command has been set, and the address 
field at the READ command is set to zero, the TARGET will transfer to the 
INITIATOR the block that was just successfully searched. 


6.2. Command Descriptor Block (CDB) 

An I/O request to a device is performed by passing a Command Descriptor 
Block (CDB) to the TARGET. The first byte of the CDB is the command group 
and operation code. The remaining bytes specify such things as the Logical 
Unit Numbers (LUN), block starting address, control byte, and the number of 
blocks to transfer. 


Commands are in eight categories as follows: 


e Group 0 - 6 byte commands including control, data transfer and 
status. 


® Group | - 10 Byte Commands. 
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@ Group 2 - Reserved. 

@ Group 3 - Reserved. 

® Group 4 - Reserved. 

© Group 5 - 12 Byte Commands. 

© Group 6 - Vendor Unique Commands. 

© Group 7 - Vendor Unique Commands. 
Note: The reserved or RESRV used within this document indicates that it is 
reserved for future use. Reserved bits that are passed over the interface should 


be set to zero but not checked for zero by the recipient. 


Vendor Unique or V.U. used within this document indicates codes which are 
device specific. 


6.2.1 Group Code 
The Group Code (Bits 7-6-5, Byte 00) can be 0 to 7. 
6.2.2 Operation Code 


any. Operation Code (Bits 4-0, Byte 00) for each group allows 32 commands (0 to 
919s | 


6.2.3 Logical Unit Number 


The Logical Unit Numbers (Bits 7-6-5, Byte 01) designate the primary unit for 
all groups. Logical Unit Number allows 8 devices per TARGET (0 to 7). This 
method of device addressing is designed for low-end systems that do not 
implement separate paths for command and address functions. It is not 
recommended for more sophisticated implementations, that use the IDENTIFY 
MESSAGE. 


6.2.4 Logical Block Address 


Group 0 commands contain 21 bit starting block addresses. Extended address 
commands contain 32 bit starting block addresses. 


The concept of block implies that the INITIATOR and TARGET have previously 
agreed to the number of bytes of data to be transferred. 


6.2.5 Number of Blocks 


The number of blocks to transfer for the command allows | to 256 blocks, for 
standard commands (1 to 255, and 0 indicates 256 blocks). 


Extended address commands allow | to 65,536 blocks. (0 indicates 65,536.) 
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6.2.6 Control Byte (Last Byte in All Commands) 


® Bit 7-6 Vendor Unique. 

® Bit 5-2 Reserved. 

@ Bit | This bit is only meaningful when Bit 0 is set and means 
an interrupt is requested for this command in a group of 
linked commands. 

® Bit 0 The use of this bit is optional and means an automatic 


link to the next command upon successful completion of 
the current command for this INITIATOR. Status shall 
be returned for each command executed. 


6.2.7. Relative Address Bit 


The RELATIVE ADDRESS BIT (Bit 0 of Byte 1) of the EXTENDED commands is 
set to indicate that the block address portion of the CDB is a two's complement 
displacement. This displacement is to be added to the Block Address last 
accessed on the unit to form the Block Address for this I/O. This feature is 
only available when linking commands. The feature requires that a previous 
command in the linked group have accessed a block of data on the device. For 
an example of the operation of this function, see the section on linked 


commands. 


6.3 Commands - Direct Access Devices 


6.3.1 Command Descriptions (Group 00) for Direct Access Devices 


STANDARD (S) 


EXTENDED (E) 


OPTIONAL (0) 


VENDOR UNIQUE (V) 


RESERVED (R) 


Commands shall be implemented in order to meet 
the minimum requirement of this specification. 


Commands shall be implemented in addition to 
Standard commands to meet the extended 
requirement of this specification. 


Commands, if used, shall be implemented as 
defined in this specification. 


Commands available for Vendor Unique 
implementations. See Appendix C for a list of 
current Vendor Unique commands. See the vendor 
specifications where compatibility is desired. 


Command codes not currently used are reserved 
for ANSI definition at a future date. 


Command operation codes and names are listed in Table 9. 


46 


Table 9 
Command Codes 
Group 00 Commands 


SD ED ED OD ED nD 60D ne ED OD ED ED ED nD En OD GD es 8 0D 2 OO ee 2 © ee > © ee es 6 ee 0 ee ee ee ee a es es es es es es ee ee ee ee 0 ce ee ee 
UP CRED ND AED 60RD SEED SND OSD GD GED ED GED FEED GUND END GEES HED SEND SES SED AD GD GED END GEN OD ERD CED ED SED SUED GES ED GUD AED UD GUD SD UD CUD GES GND OUD ND GRD GED GED OND GED GES nD GD OD ee ED ED OE ee ee OP ce GE a a oe os oe oe oe 


HEX 
OP Code Type Description 
00 O TEST UNIT READY 
01 O REZERO UNIT 
02 V 
03 S REQUEST SENSE 
04 S/E FORMAT UNIT 
05 V 
06 V 
07 O RE-ASSIGN BLOCK 
08 S READ 
09 V 
OA S WRITE 
OB O SEEK 
0C V 
OD V 
OE V 
OF V 
10 V 
ll V 
12 E INQUIRY 
13 V 
14 V 
15 oO MODE SELECT 
16 O RESERVE UNIT 
17 O RELEASE UNIT 
18 O COPY 
19 V 
LA O MODE SENSE 
IB O START/STOP 
IC O RECEIVE DIAGNOSTIC RESULTS 
ID O SEND DIAGNOSTIC 
LE R 
IF R 
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Table 10 
Test Unit Ready Command 


BIT 7 6 5 4 3 2 l 0 

BYTE 

o | | oa 0 oOo oOo < a oO Oo oO. 
ao | 1 Logical Unit Number [Reserved 
eo fe Reserved 
PE Reserved 
uo | | Reserved 
06 | V u_| vu | Reserv [Reserv |Reserv | Reserv | Flag | Link 


TEST UNIT READY (00) (Optional). 


Returns zero status if addressed unit is powered on and ready. This is not a request for 
unit self test. 


Table 11 
Rezero Unit Command 


EP AD CD ED AD GD ED NED A AD SEND GED SEED ED ED GD CEES CE ETD GEN) GD OED GED SEED CED CED GED GED ED COD ae GED SD OUD GED GER COED ED GED SD OUD ONE ED ED ED GD ED SD ED ED ED ED SD 8D em Oe De ED RD DD ee od ee ed ON DO ED oe OD Oe ee ee ee ee ee ee 0 2 0 ee ae ee ee ee oe ee 
A NE EE EE ED SEER OR OE ce SD NS ES ED OS OD a SD ED SD ED ED GED ED ND UD SD SD AD AED PEND RD SEED TE GND GUND GED ED GUND GED ED GEES GED SED TED GERD GED GOD SED GED GED GND GD ED AED RD ED UD Se TENE GED NTE ED AUD ED GRD SND CURD GID OUD CED ND GEES GD GUND GRD GED AD OND ORNS OD ED ED AD CD ED HED OUND AND GND IRD END GND aoe aD GUS ee 


BIT 7 6 5 A 3 2 I 0 

BYTE 

o | ¢ O oO oO oO. 0 0 oO Ll. 
ao | 4 Logical Unit Number | _—Reserved OO 
2 [| | Reserved 
o |; °°» «§ Reserved 
ao | | Reserved 
Ta V U | vu | Reserv [Reserv [Reserv | Reserv] Flag | Link 


REZERO UNIT (01) (Optional). 


Sets the unit to a device specific state. 
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Table 12 
Request Sense Command 


(ae CED AND OED Cha ED GERD OUD SND ND ND ND ED ANE ED AE ND GD GD ENS AD ED OED AD SED GE GEN SOD GD GD AED CED GERD SED AED ED GED GURY ED ED ERD GERD SED SE CD SED GD GES GD AED ED GUD GD OND COED SUD COD ON AAED GRD GED ED GND CUED OED ORS END SEND AD GD ED SD ND) GUD SUNS AED OUP GED A COED GD OER OND SND END OED OEY GND ERD OD GP GD ED OED GD GUD OED OED ND SEE nD 
2D CD GRD GANS AD END AUD OUD ED GD GAT ENS END GUND ND ND ED GY CLED ESD END CRED SEED GD END GED AOD GED OED SOND CD GUND SED COED SEN GUND GUD SEN AND COND GD GUND UD GUD GED COED GID GED GID OED GED END SUD GUD GD GRID GD GD GED SUED CUD GUD GED OUD SUD SUED CED GED CUED TEED OUD GAGE CUE AND OED GED GND AD GND OUD OND CUED OED COD GD SUED GND SEND OED GED OD ND cE HD CE Gh ORD aml ERD Ene aE 


| BIT 7 6 5 A 3 2 l 0 

BYTE 

o | 4 oO Oo oO O ct | i 
ao [| 4 Logical Unit Number [__ Reserved eee 
in es: Reserved 
3a ff Reserved 
ou 6 | 0S sti“‘<‘«é‘é‘éOOf Bytes Allocated = =) 
056 [| | V u_| wo | Reserv | Reserv | Reserv | Reserv | Flag | Link 


REQUEST SENSE (03) (Standard). 


Returns unit sense. The sense data will be valid for the check condition (Status) just 
presented to the INITIATOR. This sense data must be preserved in the TARGET for the 
INITIATOR. Sense data will be cleared on the reception of any subsequent command to 
the unit in check from the INITIATOR receiving the check condition. (See Section 6.8 
for sense data format.) Byte 04 in this command will specify the number of bytes that 
the INITIATOR has allocated for returned sense. All INITIATORs shall be capable of 
accepting a minimum of four sense bytes (i.e., a value of 0 through 3 defaults to a four- 
byte allocation). 


Check status shall not be returned for this command. 
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Table 13 
Format Unit Command 


0 DF EE ED ED NF RD SE Ee SE ED END ED ED CED GD UD OED OED GD AED ED FFD ED UD EES SED GED ED EE ED GED ND OED AD OND SUED CUED ED ED SED AED OED OUD GED CED SED ONE SD SRD AED OED SED SEE ED GRD GED GED SUR “amd OEE OED OED OE OEE EE GED GED S0D AED OED GRD OED GUD CED HED ED END CUD GUD OED COD SER CED OOD OE GED OUD OED OUD ED 28D OD ee ee oe oe 
Se ND ED ED UD ND ED EE ED OD ED DD ED ED EE ED EU DS ED ED EE ED SED EE ED Fe ERD SE SS Ee CE SS aD ED WED OAD ED END “OED END SED ORD NE SED UE AD ED ND EE ED ED ED ED SED A OD SO SED GO OEE. ON OED SA EES END SUE SRD SND NY NE SED ND ED ED ES ED ED TD GAD ED ORD ND OUND EE “UND ED REP OD GD GE aD OD OUD cD 


BIT 7 6 5 4 3 2 ] 0 

BYTE 

o | 0 0 oOo oOo. oO tO. 0. 
ao | 4 Logical Unit Number | F mt Data | Cm p Lst{VU Data | 4 Reserved 
2 | © “““Reserved 
3 | | ““MSBInterleave | 
mo |  “Uspinteleave | 
oO | ° V U_ | vu | Reserv] Reserv [Reserv | Reserv | Flag | Link 


FORMAT UNIT (04) (Standard/Extended). 


The format command insures that the media is formatted so that data blocks can be 
accessed. There is no guarantee that the media has or has not been altered. In addition, 
the media may be certified and control structures be created for the management of the 
media and defects. 


The interleave field requests that the logical blocks be related in a specific fashion to 
the physical blocks to facilitate speed matching. An interleave value of zero (0) requests 
that the TARGET use its default interleave. An interleave value of one (1) requests that 
consecutive logical blocks be placed in consecutive physical order. Values of two or 
greater are vendor unique. 


The following features of this command are part of the extended command set: 


Bit 4 of byte Ol, if set, means that format data is supplied with the command. The 
defect list included with this data specifies block addresses which are to be flawed. 


Bit 3 of byte 01 in the CDB is the complete list bit. If this bit is on, the defect list is a 
complete list of all block addresses with known defects using the requested block size 
(see Mode Select). The controller may add to this list as it formats the media. The 
effect of the complete list bit is to purge any previously specified defect list and to build 
anew defect list. If the complete list bit is off, the defect list adds to the previously 
specified defect list using the current format. Note that the defect list in this case 
refers to the current block size (and not to the new block size, if it is different). The 
controller may add to this list as it formats the media. 


Bit 2 of byte 01 set means that the format data is vendor unique. If this bit is off, it 
indicates that the format data sent with the command is as defined in Table 14. 
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The following FORMAT DATA is sent during the data phase of the command: 


Table 14 
BYTE 
o | “““““Reserved 
ao ~ “Reserved ss 
o | | ""Length of Defect List (n Bytes) 
3a {| “Length of Defect List (n Bytes) 


00 Defect List Block Addresses 

ao -~ "Defect List Block Addresses 
o2 | © "Defect List Block Addresses 
3a ~~ "Defect List Block Addresses 


a a am On we 8 ee ee ee SED ED RD OUD CEE ED END AE SED SED EE GEE TT GHD AED AED ND AED ED GE, GERD FEED GND OD CEES GHED GENE CD utd SUED COED OUND SURE ED ERED CORD SUED AD CHAD CEE GUND CED CAE Cull GND CARD CAND OUND WED SD CORD ED SHED SAD CY SOD COND GT CD GND GND GAD CUED GN GUND GHD CD GAD GD GD COED END GED CUED SUED GUND GD SU GUND GOED AED GED GEN GED COED cen CU wD SED cD 
SD SLD GAD CED END GND AENS CED ED AD HED ND GUND OUD GOED COED OUD ce GEE GUD GUND UN END GENE CRED SEED GN END GUND OED SUD GND SEND GUND OND GND MTD CD SAN (ED GELS TR AND GUND SNEED EAD SD GOD SND UMD COE HD ERE CUED END RD GEED OG GUE OED SEND COND OND OND UEP GED GUND COUNT COND SEND GED SAND WUE GUND SEND GOED GUND OUD GREY ce HERD CED CERN GRD UD CUED SRD WAND AND SUN ED GHD WH GEE NED CED GAD ED OLN SUD OND 


The additional defect block addresses shall be added to this list in four byte groups for 
each defect. 
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Table 15 
Re-Assign Block Command 


| BIT 7 6 5 4 3 2 | 0 

BYTE 

o | 0 i: oO ©. 4 : + «¢  & 1 
ao | 4 Logical Unit Number | = MSB Logical Block Address. 
2 | | Logical Block Address 
30 | “LSB Logical Block Address 
a 
06 | V u | vu [Reserv | Reserv [Reserv | Reserv | Flag | Link 


RE-ASSIGN BLOCK (07) (Optional) 


This command will modify the STATUS for the specified block from an error condition to 
good STATUS. Bit 0 of Byte 04 of the CDB, when 0, directs the TARGET to re-assign 
the block to an alternate block. When it is l, it directs the TARGET to re-state the 
block as valid. Instead of issuing a format unit command to get rid of this bad block, and 
erasing all information previously stored on the unit, this command only affects the 
specified block. Information stored on all other blocks is not changed. During a READ 
or WRITE operation, after this command is issued, the TARGET may either skip the 
specified block or re-assign it to another location. The re-assigned block may or may not 
be a better valid block. The information stored on the bad block may or may not be 
altered by this command. 
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Table 16 
Read Command 


2D OEE GD ND CED AED GED ND GED ED ED ED GE ED GED RE GP ED CED CSD CED AD OEE ND GD AUD GD ED SNE ED ED ND ND EE UD SEED EE SUD SED SND OED OE ED HEED GED CUED ORD COED ED CRUD CUED CUED em NED ER OE SD GUUS GENE UD GEES UD SEND SEP CHD GS WD GED SD GND SEND ED OUD UD CED GE SUED GOED OED CUED SED GED ED CNP ORD AED SUD GED UD CER OD ED GEES CE GRD OND cmd a EE oo 
ED END AED ED AD OND ND GED GND AES SD UD ND GEES UND GED GND SED ND ND GES GHD SUMED GUD GEED COND GED GEES GED CED GEED CUD GUND SEED QED END GED GED GUND AED CD AUD GUND GD OEP OED OSE ED CUM END HED GED OUND CE GED GHEE AED ED ED END GED GEE GND GD GD COU GUD ET) AND SOD GED GUD GED GND GUD ND ED UND GUD UD GED ND CUED ED GND GUND GED CEES CHD OED GED GRD OED GED OD OED we ee ED a oe 


: BIT 7 6 5d 4 3 2 l 0 

BYTE 

o | « . Oo Oo op | tb 4 0. oOo oO. 
ao | 4 Logical Unit Number ]__MSB Logical Block Address 
2 {| “Logical Block Address 
30 | “LSB Logical Block Address 
au | “Number of Blocks 
06 | ° V u | wo | Reserv | Reserv [Reserv | Reserv | Flag | Link 


READ (08) (Standard). 
Transfers to the INITIATOR the specified number of blocks starting at the specified 


logical starting block address. This command shall return the most recent data value 
written to the specified block(s). 
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Table 17 
Write Command 


| BIT 7 6 5 t 3 2 1 0 

BYTE 

o | . oO oOo oOo | tL oO Lt oO. 
ao | 4 Logical Unit Number | __MSB Logical Block Address 
o2 | © ““LogicalBlock Address 
3 | | ““LSB Logical Block Address 
ou 6Uflmtt—<“<=<i‘iéSOOSCS*SCS Nb er of Blocks! 
06 | V u | vu [Reserv [Reserv [Reserv | Reserv | Flag | Link 


WRITE (0A) (Standard). 


Transfers to the TARGET the specified number of blocks starting at the specified logical 
starting block address. 


* Table 18 
Seek Command 

BIT 7 6 5 4 3 2 ] 0 
BYTE 
o | ae Oo oO oF | . 4 oO . | _ 
ao 6f Logical Unit Number | __MSB Logical Block Address 
2 | “Logical Block Address 
30 | "TSB Logical Block Address 
PO Reserved 
06 [| V u_ | vu [Reserv | Reserv | Reserv, Reserv | Flag | Link 


SEEK (0B) (Optional). 


Requests that the unit seek to the specified address. 
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Table 19 
Inquiry Command 


3 BIT 7 6 5 4 3 2 1 0 

BYTE 

o | | , 4 0 oo 1 ¢ . : it oo 
ao 6] L ogical Unit Number | OG Reserved 
2 UE Reserved 
03 FO Reserved 
mo [| "No.of Bytes Allocated 
06 [| ° V u | vu [Reserv] Reserv | Reserv | Reserv | Flag | Link 


INQUIRY (12) (Extended). 


This command requests that information regarding UNIT and TARGET parameters be 
sent to the INITIATOR. 


Byte 04 in the CDB of this command will specify the number of bytes that the host has 
allocated for returned UNIT data. 


0 indicates 256 bytes. 
1 - 255 as indicated. 
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The following INQUIRY DATA is sent during the data phase of the command: 


Table 20 
BYTE 
00 Device Type Code (00) 
Ol Device Type Qualifier 
02 Length of Additional Bytes (N) 


The device type code (Byte 00) is as follows: 


HEX 00 = Direct Access Device 
HEX 01 = Sequential Access Device 
HEX 02 = Output Only Device 

HEX 03 = Processor Device 

HEX 04 to 7F are Reserved. 

HEX 80 to FF are Vendor Unique. 


The device type qualifier (Byte 01) is defined as follows: 


Bit 7 set to | shall be removeable media. 

Bit 7 set to 0 shall be fixed media. 

Bit 6 to 0 form a seven bit user specified code. This code may be set with switches 
or by some other means within the TARGET. Devices which do not support this 
feature shall return all zero bits. The value of this feature allows each user to 
assign unique coded to each device model that is supported on his system. These 
codes may then be used by self-configuring software to determine what kind of a 
device is at each SASI BUS ADDRESS. This is especially valuable for systems that 
support multiple types of removeable media. 


If the length of additional bytes (Byte 02) is 0, no unit parameter bytes are returned. All 
INITIATORs shall be capable of accepting a minimum of 3 bytes of INQUIRY DATA. 
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Table 21 
Mode Select Command 


a ED AN ORE ND AD GND OD AD ED GERD OD SAMS ED COND SEED AED GUND ED REE ED GENS OED ED AMD CED SEND AD ED GAD END GE ED ED ND SOND SEED ED ED GND ED SUED ED OED OD ED OED SEED GED OED AED GUD SED ED GED OE SAD ND AED ED GD END aD CED SEED SEED AD OED END ED GED OD ED ED OD OD ED Oe ee Se et ee OED ED OD De OD oe ee ee es oe oe ee 
SP ED SD OS ED ES ES US SED GED ND ED UD OED GUNS SEED RD ED GED GEE GED GHD ES SED SED GED ED SED GND CURD SED AED CEES GUD SD SUD SES SED ED FED SD OD ED ED SD ED 28S SED ED ED CED IS AND ED ES SE OD SD ED ED ED ED OOD ED OED ED ED ED ED OED OED AED 6D ED OE OED OED SE SED ES ED ED OD ES ED ae nD EF a ED CED ES os ED OD OD oD Oe oD 


| BIT 7 6 5 & 3 2 l 0 

BYTE 

o | . 0 oO 1 Oo t oO | i 
ao | 4 Logical Unit Number | ___ Reserved ae 
2 {| “Reserved | 
3a | “Reserved 
uo | “Yengthof Parameter List 
56 | ° V u | vu [Reserv | Reserv | Reserv | Reserv | Flag | Link 


MODE SELECT (15) (Optional). 


This command provides a means to specify media, unit, or device parameters. Byte 04 of 
the CDB shall specify the length (in bytes) of an associated parameter list which is sent 
as data. This parameter list contains a list of extent descriptors. Each extent descriptor 
specifies the number of blocks, block size, and density code for that extent. Additional 
vendor unique parameters may be appended to the extent descriptor list. The extent 
descriptor list provides a means to specify media characteristics on media that may 
contain multiple block sizes or densities such as flexible disks. 
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The following MODE SELECT parameter list is sent during the data phase of the 
command: 


Table 22 
BYTE 
o | “Reserved | 
ao fn Reserved 
2 6h RR served 
3a ~{| "Length in Bytes of Descriptor List (nn) 


The Extent Descriptor list follows in Bytes 04 through 4+nn. This list shall contain nn/8 
Extent Descriptors defined as follows: 


00 Density Code 

ao | © “Reserved |. 
2 |-| “Number of Blocks 
3a ~ “Number of Blocks 
ao hE Block Size 
6 | ©. ““"BlockSiz 
0 -| "Block Size 
CE Block Size” 


Bytes 02 and 03 (number of blocks in extent descriptor) - A zero value indicates all 
remaining blocks of the unit. 


Byte 00 (Density Code in extent descriptor) - Defined as follows: 
00 - Default (unit's default density) 
01 - First commonly used density for the media type. (Flexible disk single density.) 
02 - Second commonly used density for the media type. (Flexible disk double 
density.) 
03 to FF - Increasing densities for the media type. 
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Table 23 
Reserve Unit Command 


AD ED CD SE ED OU GS AES ND ND ED CD AED SUD CED CED OUD GED SND GED GND ND END SED ED GUD UD ED ED END EY A ND GUD END GED SE GED GED GUD GE GAD COE ENE GIN) GHND MND OEE OUND AED ER GRU OUD RD GD ED OND GENES ARE GD GRY GND GENS GOED GOD CUED GED GHD SUED GUD SOND GUD GED GRD GES GEE GEES OEE ED GRD ES SED GED OS GEE GED GED GED GED GED ARO GED GED SD OED Ee SD 
SR ED GUD SUD ED GUD A SED NN ED ED ED TD UD AED GHEE OED CD ED UP GRD GRD GND GUD SHWE WEED GE CRED GUD GED GED OED CUED GERD OUD COD GED CHAD GRD GED Ctl GHD OUD HED GED GD SEED GUND GANS COND ED GENE GED GUND GND CHAE CEA CRED MUNN GREY GUUD GED OGY GUND AUD SEND CORD CHU GEER GED SUED UND RD GUND SLED GUND SND GUND GEN) GUND GLU SULD GND GAGS GUND OED GNIS CUM VND RD AD MANN NND COND GND WORT GEES GHD WOO ED UD 


| BIT 7 6 5 & 3 2 ] 0 

BYTE 

o | ; |S Oo oo ft oO tf tO. 
ao | 1 Logical Unit Number | __ Reserved 
a2 | Reserved 
03 | Reserved 
ma fo Reserved 
06 | | V u_ | w ae Reserv [Reserv [Reserv [Reserv | Flag | Link 


RESERVE UNIT (16) (Optional). 


Reserves this unit for use by the requesting INITIATOR until a release unit command is 
received. No other INITIATOR can perform any fucntion on this unit. 


Table 24 
Release Unit Command 


SD SD SS NS NS AD SE CN OD SD OND ND CED COND END SD GD SUNS END GND OUD MND TEND SUED CUED METS CORED CENA GUNNS GED CUR SEND GIVE GUND WED SAY GUNS CONEY CEE WEED GENES SUMED WAND GUND AOD GED CUD COUR SUED SOD GES SORE GUND GATE GED GUND TEED SUNNY UD NS SU GOED ED OEE GED AED OED COD Gane CEE GERD ED GED ED AUD GED OED OOS OER AED ED GED GUD SED GED RD Tee ND CD ed ED OD ee ce eee GN De 
A ED AD EE ED ED ED ED ND ED GRD ED GD CUD SED CUE GENES HED GED OED ED CED SUD SUS END SAD SUED GAD GERD GHD HUD ED GAD OND GAD WHE ND GET OED GHD OS CD SEED GH SNES HEED AE OD OE UND AEN ED SAP AND TAD OD OND CD SEND SEND AUD UND GME) CURD OUD ND RD GEE) GUD AEN GED GND GD AED SD COND SUED UND SUED UD ED SHED GED OED END OD GD ED ND SOU) GUND WAND GEE ERED GED GND TEND HONE UND GUD 


BIT 7 6 5 4 3 2 l 0 

BYTE 

o | a oO o 1. < i, it. <<  « 
ao 8 6| Logical Unit Number [__ Reserved ee 
2 | “Reserved 
03 fe Resetved SS 
af Reserved 
06 | V U_| vu [Reserv [Reserv [Reserv [Reserv | Flag | — Link 


AO END ERD ND ERD GED GED OED CAEP CED GED CD OED AED ED ED GED CED TED OED GE GHP GAD A SED OY EAD GED GUND ED GD GND OUND CRED GED Oink GENYES COND ED CNN GED MD ANNE ANP SND ND NED SOND AD GED RD SED SEND GD UD GID GND GUD CUED GED SHED GND CAND GUD SAND GUND COU GEES AEED ETD GUND 10D SEED HEED COND GND GD SUD SUN GNP SED GUD SEU GED GED GUE) GD OED RE GUD GUD GED amy CED GED COT OOD UD OUND 


RELEASE UNIT (17) (Optional). 


Releases this unit from the requesting INITIATOR. This INITIATOR must have issued 
the previous reserve unit command. 
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Table 25 
Copy Command 


SD ED ED OED ED ED AN OED UD ED OED aM ENE CER GD AUS ED CREE ED CD ND ND ED CED END ND ANN NEED ND OAD AEN NS TES GED AED GS ND UE ED OED AND OND ED GD END CRED CHD GTS GED SEND GED GED CRED GND GRD GND WED GUND OOD GUND SHED UE GUND GED GED GEE GOED GUD GED GUE GND ED OD GU OUD aD GHD ems aD 
AD SED ES GED SES GD AND EP CUED ND CAND GED CES SEND CED GD END AND OUD GENE ND OUD SED GD SUD NY GENE NED SND SOLD AD GED GAD OND END SOND OND GE GED GOED ED SHED CURD GUND GED OUD CUED AND GUD OED OUD GEN CED SEND AED GORD OND CUD GENE END GED GOED CRED GUD CD OED GOED ED GEER AOD GED ED GD BUD ORD CED OD GED ED ne oD 


BIT 6 5 4 3 2 J 0 

BYTE 

o | oo | . oO bs i: oO oO oO. 
ao | 4 Logical Unit Number | __ Reserved re 
2 |  "“"MSB Length of Parameter List 
3a ~| ““Tengthof Parameter List = = 
mo ff "TSB Length of Parameter List 
56 | | V u | vu [Reserv | Reserv | Reserv [Reserv | Flag | Link | 


COPY (18) (Optional). 


This copy command shall allow disk to disk data movement without host involvement in 


the data transfer. 


CDB Bytes 2 - 4 will specify the byte length of the command parameter list to be 
retrieved from the INITIATOR. 
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The following COPY parameter list data is sent during the data phase of the command: 


Table 26 
BIT 7 6 p) & 3 2 1 0 
BYTE 
o =6©| ~~~ Copy Function Og Priority 
o {| © ““““““Reserved | 
a2 | “Reserved 
3a | “Reserved | 


= on a ow on ow on ae on TER CED OD AD CUD ED AD LD CY SEP SAN SLD UE KS ND GREP OND WED GED GE AEH FE CO GET OEY Sy GERD ORD AED aUED eS ae ED enw cnae TT Dd ee ee ee 


00 Source Controller I.D. Reserved Source LUN 

Ten Dest. Controller .D. [Reserved Destination LUN —™” 
0 6f ssi Reserved 
3a {| “Reserved 
ou 6flUUMSB Number of Blocks 
o 6|™™~—S Number of Blocks 
o | © “““Numberof Blocks | 
7 COU LSB Number of Blocks 
o | "NSB Logical Block Address (Source) _ 
0 | "Logical Block Address (Source) 
io Of Logical Block Address (Source) 
uf LSB Logical Block Address (Source) 
2 fF MISB Logical Block Address (Dest.) 
Bp fo Logical Block Address (Dest.) 
wmf Togical Block Address (Dest.) 
mw fo "LSB Logical Block Address (Dest.) 
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Bits 7 to 3 of Byte 00 specify the copy function as follows: 


Copy function = 00, Back Up (disk to tape). 
Copy function = 01, Restore (tape to disk). 
Copy function = 02, Copy (disk to disk). 
Copy function = 03 to OF (reserved). 

Copy function = 10 to LF (vendor unique). 


Bits 2 to 0 of Byte 00 specify the priority of this command for use of the tape or disk 
resource as follows: 


Priority = 0, copy is not interruptable. 
Priority = 1, copy is interruptable. 


Note: It is presumed that the disk TARGET will preserve the disk data during the copy 
command by use of the reserve command. If the copy is interruptable, the TARGET 
shall execute commands specifying LUNs other than the LUN involved in the copy during 
the execution of the copy command. 


The segment descriptors start after Byte 03 of the parameter list for 16 bytes. 
Additional segment descriptors may be sent to specify additional data segments to be 
transferred. 


Bits 7 to 5 of the first byte of the segment descriptor specify the address of the source 
disk controller. 

Bits 4 and 3 are reserved and should be set to zero. 

Bits 2 and 0 specify the LUN of the source disk unit. : 

Bits 7 to 5 of the second byte specify the address of the destination disk controller. 
Bits 4 and 3 are reserved and should be set to zero. 

Bits 2 to 0 specify the LUN of the destination disk unit. 


The third through sixth bytes specify the number of disk blocks to be transferred. The 
seventh through tenth bytes specify the logical starting block address of the source disk. 


The eleventh through the fourteenth bytes specify the logical starting block address of 
the destination disk. 
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Table 27 
Mode Sense Command 


| BIT 7 6 5 r 3 2 1 0 

BYTE 

o | « oO 0 oo 4... a oO 1. oO. 
oo | 4 Logical Unit Number | _ Reserved re 
2 | © “Reserved 
3a | © ““““Reserved 
a Da eo 
en V u_| vo [Reserv | Reserv |Reserv | Reserv | Flag | Link 


MODE SENSE (1A) (Optional). 


This command provides a means for a TARGET to report its media, unit, or device 
parameters. It is a complementary command to the mode select command for support of 
media that may contain multiple block sizes or densities such as flexible disks. Byte 04 
of the CDB shall specify the maximum number of bytes that may be returned by the 
command as data. 
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The following MODE SENSE data is sent during the data phase of the command: 


Table 28 
BYTE 
o | “Length (in Bytes) of the Following Data (N) 
oo 0©60hE———i‘_ Medi Type” 
2 | “Reserved 
3 | “Length in Bytes of Extent Descriptor List (nn) 


The Extent Descriptor list follows in Bytes 04 through 4+nn. This list shall contain nn/8 
Extent Descriptors defined as follows: 


00 Density Code 

ao | “Reserved 
2 | © ““““Number of Blocks 
3a ~ "Number of Blocks | 
au 060M Blk Size” 
6 ~ "Block Size 
o | —““““BlockSiz 
mCP Block Size SS 


aD GED GED 68D ED ONS 8 a ae oe ee oe AD A ED AAD GE HED GED ED END GED SE GUD GAD SD GND SEED AND ED SE SED CEES GUND CHD UD GED AED CEND END ED GED GP HAND OND ORD OD GED GED GERD CUD GOED COND GED ORAE WEED GUND GERD SUED GED SED GENE CLAD GENE, SEND SAEED GUND GED GED CEE AED GRD GED GERD SED GUUD CUED UE CRED OEY CRD GED ND END CEP OED GUD GED HD ED GUID GED GED GED cup amp caND Cy oo 
AD GED CS SD GND GED SEND SEED GED SED GD AND TEED GUND ED END GND cage HED CED GUND COND SUED OUD CRED GND MAES GUD ED OUND GUS CEN HD GD GP SED GD GND GUND GUND GND SUED GEED UTED CURED GUND MUN) ANE) RAED CEN END CUTD cD GED GED FOND GUND OUD GU AUD ONS GOED GUND CED SED GHUD GUND GED SE GD GD AED NP CED GOD ENED CUED CN END GRID OUD OUD CUD CED GED GED ED GERD COED GRD WED CD END GD CUD OND aay OD aD ED 
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Bytes 02 and 03 (number of blocks in extent descriptor) - A zero value indicates all 
remaining blocks on the unit. 


Byte 00 (Density Code in extent descriptor) - Defined as follows: 
00 - Default (unit's default density) 
01 - First commonly used density for the media type. (Flexible disk single density.) 
02 - Second commonly used density for the media type. (Flexible disk double 
density.) 
03 to FF - Increasing densities for the media type. 
Byte 01 (Media Type) - Defined as follows: 
00 - Default (unit only supports one media type). 
01 - First commonly used media type for the unit (Flex disk single sided diskette). 
02 - Second commonly used media type for the unit (Flex disk double sided 
diskette). 
03 to FF - Additional media types. 
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Table 29 
Start/Stop Unit Command 


| BIT 7 6 5d 4 3 2 l 0 

BYTE 

o | | :- oO o LL. ee ee 
ao | 41 Logical Unit Number | Reserved 
2 | Reserved 
03a fo Reserved 
ma fl Decision 
0 6d V u | vu [Reserv | Reserv | Reserv | Reserv | Flag | Link 


aD GD SED OED SUED ED OED ND CEN) END ED GE ED NE ANS OED CE ANE ED GED GED CTY OED GED SED SUD OED OED ED SHED AED OED GED ED SEED OUD GED NED FED ERD CHS ED CRED SEED CUD ND CURD GED FD GENE ND CUED ERT) FEED GED SED OND SD AED ED AND ED GD GEN SEED ED END END END SUED UD RD ED AD OED OND ED OD SED ERD ED OED GUD OUND OND GEE GED OED ED OED Re OE CD ee ce ee OD Oe Oe 


START/STOP UNIT (1B) (Optional) 


If Byte 4 of the CDB is I, this is a start command. Completion will be returned when 
unit is ready or after a determined delay depending upon the unit. If Byte 4 is 0, then 
this is a stop unit command. Completion will be returned after stopping or after a 
determined delay depending upon the unit. 
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Table 30 
Receive Diagnostic Results Command 


ee OUD ANS GD END NED COND AND ED COED GD OED EE SD GD CED SED EY AD ca OS AUD GED END AED SUED UND END GREE GEE GERD CENED CD CUED RD HED CUED GND END GORD GERD GUE CemtD GOED CEU MOND GOED SEED SUED COOL AED RTD GED CEE COUN ED GUND HEED AON OUD COME CUED ED GOED GAN CUED COND <OGED SD GEN) OND COED GND ERP OUD GD GND GUND GUND GUND SD COED GOED COED HED AED OUND GOED GED SUD CUED GUND CUED OED SED ED GED ae eee oD oD 
AD ND ND ED OD ED AAD A GD AD ND CUE AD SED AD ED GND SED ED RD MIND SED GD AD GHD GUD AED GD CUED GD END ey AE ENED GUND END AND SEED OND MED CANES GERD GUND GOED GED WEN GUND GAD AN WENN CUED SEND GERD ORE SERS SD GD COND GED GND CUD END GENE GERD GUND GUND GENE NED SUES GED SAND CED GUND COUP CO GD COED OND UD GRAD ON OED END UES GD GARE GOED GRD GEE GD CRD GED OED ED GHD GED GD eu GD Cap Om 


7 BIT 7 6 5 4 3 2 1 0 

BYTE 

o | oO . «© «4 es ee en 
ao [| 4 Logical Unit Number] Reserved 
2 | Reserved 
3 | “Data Variable Length Indicator 
mo ff "Data Variable Length Indicator 
056 | | V u_| vu |Reserv| Reserv | Reserv | Reserv | Flag | Link 


Note: This command allows the operating system to be independent of vendor unique 
diagnostic functions. The diagnostic software becomes more portable to various 
operating systems. 


RECEIVE DIAGNOSTIC RESULTS (1C) (Optional). 
Sends analysis data to INITIATOR after completion of a write diagnostic command. The 


analysis data is vendor unique with Bytes 3 and 4 of the CDB specifying the length of the 
data. | 
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Table 31 
Send Diagnostic Command 


| BIT 7 6 5 4 3 2 l 0 
BYTE 

o | G4 oO oo Ll. ns 
ao 6 Logical Unit Number [Reserved —_ [seit Test |Dev Of1 | Unt Of1 
2 ff Rerved 
3a [| "Data Variable Length Indicator 
ao | Data Variable Length Indicator 
Te V u_| vu [Reserv | Reserv | Reserv | Reserv | Flag | Link 


Note: This command allows the operating system to be independent of vendor unique 
diagnostic functions. The diagnostic software becomes more portable to various 
operating systems. 


SEND DIAGNOSTIC (1D) (Optional). 

Sends data to the TARGET to specify diagnostic tests for TARGET and peripheral units. 
The analysis data is vendor unique with Bytes 3 and 4 of the CDB specifying the length of 
the data. 


Bit 00 of Byte 01 (Unit Off Line) enables write operations on user media or operations 
that affect user visable media positioning. 


Bit | of Byte 01 (Device Off Line) enables diagnostic operations which may adversely 
affect I/O operations to other units on the same controller. 


Bit 2 of Byte 01 (Self Test) directs the TARGET to complete its default self test. 
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6.3.2 Command Descriptions (Group 01) for Direct Access Devices 


STANDARD (S) 


EXTENDED (E) 


OPTIONAL (0) 


VENDOR UNIQUE (V) 


RESERVED (R) 


Commands shall be implemented in order to meet 
the minimum requirement of this specification. 


Commands shall be implemented in addition to 
Standard commands to meet the extended 
requirement of this specification. 


Commands, if used, shall be implemented as 
defined in this specification. 


Commands available for Vendor Unique 
implementations. See Appendix C for a list of 
current Vendor Unique commands. See the vendor 
specifications where compatability is desired. 


Command codes not currently used are reserved 
for ANSI definition at a future date. 


Command operation codes and names are listed in Table 32. 
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Table 32 
Command Codes 
Group 01 Commands 


READ CAPACITY 


READ 


WRITE 


WRITE AND VERIFY 
VERIFY 

SEARCH DATA HIGH 
SEARCH DATA EQUAL 
SEARCH DATA LOW 


© 
Be) 
COO0OOC0O==—=— <_ << <<<<< 


\o 
DAADAAAADAD AHA DA 


SD DD SS ND ED SD ED ORD ED ED ED ED ED ED NS ED HED ED AND AD ED ED ED END END AAD OED ER NE END END ED EE RD GD OED CD ED GEED GENE GED GND EE ED ED GED NED ED CUD GED COED EINR CED OUD AED GED OED OED ee UD GD CD ORD ED CED ED ae a 
SO DD RE ED ED 0 EB EE ED ED NN ED DS ED OND OD EE ED ED ED ED ED GED CED AD OED ED AED ED OTD ED A ORD ED NE ND CD ED SED COD SED ED AED END SED GED OD GE AED GED GED OED CORD CED GUD CUD GD SED OSD OED GD OD GUD EP OD oD oD 
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Table 33 
Read Capacity Command 


7 6 p) & 3 2 1 0 
0 0 l 0 0 I 0 1 
Logical Unit Number Reserved Rel Add 


MSB Logical Block Address 


Logical Block Address 


Logical Block Address 


LSB Logical Block Address 


Reserved 


eee Ce GP ED emmy CU aD oD enw | ee a ner ee et ee Be ee ee ed rs ee 


Reserved 


CD ED GND AD END ED OED UP AD GD SED END CON GED GUN CHAD GD GUD 1D ED GUD Gap aa em omdhppneadpemnedimendmusdeasendbonatpanedbnneadhannndignen duvandpanndbneredivanndmmandune:Uvanmdivnrsndauadtrndareediamen tuna denna ementereendemedpepedvened 5D ED CD ND EH ED cap Ome ae om 20 GED CED AED ca SER OD ED ED are a OUD ae OND ED ED eee eS ame A OD AED ED CD Cle GD ED nD ate 
(SED ED AAD OUD GD OED OND CED AED AED CED GD CANT ERD END GAD OD CHD NED END AED SND GD GD CD OED AD GUND ND AEP ED ND GHD CD CAND ED ARE HU CNN Cente) CED OUND SD UD WED AED GUD SRD GETS GREED EID WANED REND CRED COED EN ED GND GND ND GRD CD LOND SEED OND SHED NE) ID GM OUD AGED COED UEP GND UD OSD SED UD GD SEN GUD WEP CHD GEE CHD CAND SUD ER GUD SEND CUD SES CED COD OUD SED auep ane aD OD ED 


READ CAPACITY (05) (Extended). 


If Byte 08 of the CDB is zero, this command will return the address and size of the last 
block of the unit. If Byte 03 of the CDB is one, this command will return the address and 
size of the last block after the specified address before a substantial delay in data 
transfer will be encountered (e.g., a cylinder boundary). 
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The following READ CAPACITY data is sent during the data phase of the command: 


Table 34 

BYTE 

o | © ““““Block Address 
ao | "Block Address” 
2 | © ““Block Address 
3a | “Block Address 
a | Block Size 
56 {[ "Block Size 
06 | "Block Size 
om Uf Block Size 


an Ge aan GED cum GED OD ED cnn oD ED AD RD CUD CD ON ED GUN SND COND ED EP ND VOD AND ND GREE GUND CANDY GUND WEED CED GOED CHED SEED CED GUND ARED GON SOND SEND GUN) AOD CUED SND MRED AED HIND CHD UND SNES COE SEED GUND AND GUND GED ENED MUNND GUN SUED COUN GENID CRED COED HUE) GUD GUND QED GND UD SUD COND CD OSES GUND GUUS GD GUND SUD GMD EE GULP CD OED AED GUD AND AED AGS GED GU GERD GUND OUND SUED GND eam AE GD 
ED SD CD ED OED ED ED AD ERD GAD ED CUD SED ED ED TD ED END ED ED GUE ERD AED TRE SUE SRN GUD SHED GND COND COED GAME CHET) SEM OED AEA) GED GAND WAND GANS il OD GD GEE em OUND GTR SEND UD ND GOED GHEY GED CED CAND CRED GUND CED GAED GUD GUD WEED CRD QED CRUD STUD AOD AND CNY GUND GONE GUD UD AND ENP SEED ED GOED GHD UN GUD ENED ED OEY GND END GUS CHD LEED AND CUD GUND UD OUD AE ND GED OED <a EN OED 
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Table 35 — 
Read Command 


SD ED ED ED ED ED SEED ED ED EP ED HD ED SED SED GD GED EER ED SD EE ND ED OEE ES ED ED ND COD GED OED OED SD OUD GED SD OND GED CED ED CD GONE CEE SEND GED eae WD GD OU ND ED GED ONY GND GEES ED SD OD UD GED SED SAD SD ED ORD SOD SORE OD GOED GERD SEED cue GME GUND STD SUED GND GOED GOED GUND GED AEN OD GED HED GUND <M ED OEE GED GEG) GED RED COND CRED OUT CON ERD 
SD ND RD ES ND SD CED OED ED ED ND GED ND ED CEE GRR AD CUED ER OD GES ED CED GED GED HD AD GUD CED ORD ED GRD CMD CEE OED CED CED FENDER CAND CD GES GT AD ENS ED ORD GUD GD ED OED GD OED GRE GED ED ERD GED GUD GED OS GER GD GED BED GED GD GED GND GED CE OED AED ED Re SD ED ED ED ee GD ED OD ee De ee oe ee 2 ee ee ee a ees 


6 5 4 3 2 l 0 
0 I 0 0 0 0 
Logical Unit Number [ Reserved | Rel Add 


MSB Logical Block Address 


Logical Block Address 


Logical Block Address 


LSB Logical Block Address 


Reserved 


= GmD anD OD GED GE? aan ED oD SD NS AD CANE SEED ED END GND AED SUD ED AAD ED AD ED STD US AT HTD UD UND END OED AAD GETD GND GED GED AEE END AUD CAND GRAD GD MND SURE GED UTED END GENES CRUD GUOND CAND SUD CUD GED UP CH CD GED GED EY GUND CSW CED END GED GED OR RD GED UN SEER SRD OND UTD END CED GUTS OUD WD END GUND CUD COND CUE GEE CUD GUD Gah) ED GR OUND CUD GD CD END MIND CED GED CURD 


Number of Blocks 


<P CEP GED OD ub ea CED GED ea A AD CD Ce CUED SD AD SD A ONE GND A OO GED CAN HD Sea SRD GUD ANNE OND HD CEN UND UND GUE END HED GED GELED GUMS GUNN COND COTRD TOD GONUND SHED COUND OTE GND GERD GUND GUUED SEND GRIEP MORYD COND ND GUNED GUND CUD AGU) AE GND CORNY SND GLAD GAED UOUNP CUES ANNE COU GAD GAD OEM GED GUND CENT OND COND GUND GUND EE MEND SAND ND CED SAP GUND CHD GU GUND ky CED THUD GND GEN CUED GD OND OUD 


Number of Blocks 


AP AED ORO CD OD cee SUN OED a ane CUD AAR AED CAE ED COED AED CED GRD CED ND EEL HD OED CAND GND ame GOED EEE ene Ge AD AD SAD ND CD AAD SD SED AED ORD GENE SOND GENES SR ED GD ANS ND SND SD AND SEY AND GRAS RED OUD GEN ND ENP SED GND GED NU GUND CieD GUD SED MEME OLE COED COED OND 


READ (08) (Extended). 
Transfers to the INITIATOR the specified number of blocks starting at the specified 


logical starting block address. This command shall return the most recent data value 
written to the specified block(s). 
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Table 36 
Write Command 


5 4 3 2 l 0 
1 0 I 0 I 0 
Logical Unit Number Reserved Rel Add 


MSB Logical Block Address 


me ee oe OD oD awe oon SD EE ED ES DD RD OED EE NS ED, 8S ED GD OE AED EE GND ED ED NN GND END GAED WUD GARD GRED SEED GND COED SUNG) UND CD EMD NED OED ED SEED ERS GND SND GUD GENE OUND GED END UD AND QTD AD GNED ED AEE UN ARNE GD GND OE OED END GUD ED GUD GND GED CED UES SUED SUD SED GD ED ED GD ED CUP ND UD AD OED CUD CUD UD CED OED ED OD oD aD 


Logical Block Address 


Logical Block Address 


LSB Logical Block Address 


Reserved 


Number of Blocks 


SD ERD OND A) AE ND OD ONES ED SED ED OED SE ND ERD OD ED GERD SEED GD CAD GD GSES OEND CED CUED ND CED WEED UEND ENED GUND GENE SEED CAD EEE GUD GUE GEES SED SEND GED CED ED GUND GRD OED GUND GED GED FEED GED EEE GD SED CITE CUTS NED ES ES SEES ED CED RD SEND ED GEER GD ED AEN SEED ED GED OEE CED SEED ED ND ED GED GED GED ED OE OD OED ED oe oe ee 


ae ep Ee oe ne ene DD ee oD a mE en OED aD Oe te ene oom ome AD CE CD A Oe aD Oe ED DD ED ms ay GS ED ee oe oD oe ED OS OED SUED SEE SE GOED ED ED ED ON GED ED DE OO ee OE oD 


2b US EP Re ED ee a ee tp Cae GD GERD GUND 1D OE aD ae oD 1 AOD AD HEED Sem ND aD wa cere ED > Op ND A eae Da OD TD a cD on an <a Omm a a eo o cup AD can nD aon mn ee ee ee OR a ne ee om ee oe oe oe 
0 ED ND EEE ES EE ED ED ED EE OEE EE EE ED GED ED EP ED ED AD EEE SE ED EE ORD SEED EEE GED SED SED AD AED ED GED GND ED GED ON SE EE IED END SEED OTR GOED URS SEND OEE WEED GED OUND GUE UD ND NED GD LOD SED AND END GUND ED SUD GED SEND SOND GED OUD ERED CED AED SEU) SD AUD SUED OED ED OED CUS OES SED OUD AED ED Gee OUD CED OUD SEP ND ED OO ED OS ee cow Oe ee oe oe 


WRITE (0A) (Extended). 


Transfers to the TARGET the specified number of blocks starting at the specified logical 
starting block address. 
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Table 37 
Write and Verify Command 


| BIT 7 6 a. 4 3 2 1 0 

BYTE 

o | oO oO 1 OF} | rt i. © 
ao | 1 Logical Unit Number ]__ Reserved ES! Rel Add 
o | “NSB Logical Block Address 
30 | “Logical Block Address 
uo | “Logical Block Address 
056 [| "LSB Logical Block Address 
60 | Reserved 
7m | "Number of Blocks 
oe | “Number of Blocks 
o | - vu | vu [Reserv | Reserv [Reserv | Reserv | Flag | Link 


0 RD SE ED EE ND ED NS AD ED ND AE OED ED ED AAD A EE ED ED OE ED OAD ED SE ED OD ND ES ED ES SED ED OED EE SES Oe GD GRE SED OED ED OED CEE OUD EE ED ED CRD ED RD GERD GUE AND ED SEED TS ND ED ED ED OS ERD GED CED SED SED CED SEE SUR CONE EE ED TEED OD OD UD SED SED OD ONE AED ED AED ORD ORD CED GER SED OUD OUD OS em CO ee cE ED Oe oD 


WRITE AND VERIFY (0E) (Optional). 


Writes and verifies the data for the specified number of blocks. 
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Table 33 
Verify Command 


AO A AD OEE SEP SEF SED ERD SNS ERS END ED ee GEES GEES SEND GED GED GED ED GED CE CED SED GED SEND SUED SAUD SD GUD BUD SHU CE GED uD ED CHES GD OOD One EN CEES SEND QUE GUE) RTD GENE CED SEED SUED OUND AED ED OEY SD GU GID OUD GD ND EEE EUS EE OUND SUD OUD SAD AND GN SEND REND GED SUD GND SEED OND GUNES SUED AEN GED GD GED OUD GOED CUD GED OND GED GND SHED GUND SEN) GND GED GD ED ame GUD ED OND ED 
A AED SED ED GE OED ED CD ON ED EA ED CD EE ED ED SUD CRED OUD ED OED GED GED GND OED OEE OUD AED SED ED CT) GED ED OTE GED GED AD ED GED ORE OED OND SED SUD COE GEN OTE EEE GED GENE SEED GOED OEND CHE GRD ED GED SED GED CED GE GED CUED OED GUD OED SEED GRD OER CED SEED GED GED OEE RD GED GED ED ED ED GED ED ORD ED ED GED GED OUD GD ED OED OD ne Ee 2b OD ee ee OD OD ee 


BIT 7 6 5 & 3 2 1 0 

BYTE 

o | | ae Oo tO | ct ef: ¢ 1 
ao | 1 Logical Unit Number | = Reserved | Rel Add 
2 | “NSB Logical Block Address 
30 |  "“ogical Block Address 
mo | “Logical Block Address 
06 f "LSB Logical Block Address 
060 | "Reserved 
om” | "Number of Blocks” 
oe [| “Number of Blocks 
oo | vy | wo | Reserv | Reserv | Reerv | Reserv | Flag | Link 


AO UE NY NS ERD ED ND SD ORD GE SD SND CUED CUED END SRN GD OD SE END AOD GE ENED GND AAED OD GND ND GHD GHD GD GED WOE GUE SHED GRD GND OND END CLD OND GED GEE ORES GUD GD CORY SEND AIED GUD GED NY Ca CARI ORD END OEE AAD CLD GANS OUND GUND STEED OUD UND GUND SUD ALD GD) AED OR SUD UD OUD GD SOR GE SEED SED GD GED GERD LEED GED SUN SN SEND eee GN) GED GED OED OND aeeD UND ND aD aD MED OND AED 


VERIFY (OF) (Optional). 


Verifies the data for the specified number of blocks. No data is transferred with this 
command. 
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Table 39 
Search Data High Command 


| BIT 7 6 5 4 3 2 1 0 

BYTE 

o | | ¢ 4 oO 1 | en 0 oO oOo oO. 
01 | Logical Unit Number | Reserved Spn Dat | Rel Add 
2 | "NSB Logical Block Address 
3a | “Logical Block Address 
ao 6 000 Logical Block Address 
06 | “TSB Logical Block Address 
160 | Reserved 
7 hf Number of Blocks 
o =| 0000 Number of Blocks 
0 | V u__[ vu [Reserv | Reserv | Resery [Reserv | Flag [ Link 


SEARCH DATA HIGH (10) (Optional). 


This command performs the same function as the search data equal command, but is 
satisfied by a compare of high or equal. 


See SEARCH DATA EQUAL for Search Data Format. 
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Table 40 


Search Data Equal Command 
| BIT 7 6 5 4 3 2 1 0 

BYTE 

00 0 0 _—_ l l 0 9 0 1 
01 Logical Unit Number _ [Reserved Spn Dat | Rel Add 
oo ~MSB Logical Block Address 
03 Logical Block Address 
mo |  “Yogical Block Address 
o | “LSB Logical Block Address 
oo | Reserved ss 
o” | © ““Numberof Blocks | 
oe | Number afBlocks = 
0 | w |w- Reserv | Reserv | Reserv | Reserv. | Flag | Link 


SEARCH DATA EQUAL (11) (Optional). 


This command is used to search one or more blocks for equality to a data pattern. The 
search commands contain the concept of records within a data block to allow multiple 
records within a block to be searched. The Spanned Flag, the starting block address, and 
the number of blocks to search are specified in the Command Descriptor Block. The 
record size, starting record offset, and search data pattern are specified in the search 
parameter list which is passed to the target as data. The Spanned Flag (Bit 1, Byte 01), 
when set, indicates that records span block boundaries. Thus, a record may start in one 
block and end in the next or a subsequent block. When the Spanned Flag is not set, each 
record shall be wholly contained within a single block. Any unused space at the end of a 
block which is smaller than the record size shall be ignored by the Search commands. 


If a command is linked to the Search command, and the search is successful, then the 
next command is fetched and executed. In this case, if the Relative Address bit (Bit 0, 
Byte 01) is on, the address portion of the command is used as a displacement from the 
block address at which the search was satisfied. If a linked search was not satisfied, the 
link is broken and ending status is presented. 
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When a Search command is not linked to another command, if the search is satisfied, it 
will terminate with a condition met status. A Request Sense command can then be 
issued to determine the block address and record offset of the matching record. A 
Request Sense following a successful Search command shall: 


ie Report a Sense Key of equal if this condition occured; otherwise, report a 
Sense Key of No Sense. 


2. Set the Valid bit to l. 


3. Report the address of the block containing the first matching record in the 
Information Bytes. 


4, Report the record offset within block in the first four bytes of Additional 
Sense Bytes. 


A Request Sense following an unsuccessful Search command shall: 
l. Report a Sense key of No Sense, provided no errors occurred. 


Z: Set the Valid Bit to zero. 
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The following SEARCH parameter list will be sent during the data phase of the 
command: 


Length of Records (Bytes) 


Length of Records (Bytes) 


Length of Records (Bytes) 


Length of Records (Bytes) 


Bt OG TE SG STD NS ES UD NED eR ED COED ENT AD ARS END COD ME GD CD GD A Le ASD CRED GUD CED GAD ONE) GS SHRP AD GES OD ED as SED SRD SHED OFS GED GE GED CED GED CED CRD ORES doe CE COP) CD AED SEND ED GED ae RNS GED OEM cD SED Gael eat a SEED GED ED ORD MRED Set UD Siaty OED em Ce GED A1Sk) GOD RED ca ES UNE a UE GT ee ED OE Gp WES ORD EID CKED eee eu Re cE aD 


00 Displacement 

o | “Displacement 
o2 | “Pisplacement 
30 | Displacement 
uo | Length of Field to Compare (MM Bytes) 
06 | | “Length of Field to Compare (MM Bytes) _ 
o-mM | | DatatoCompae—~CS 


AD CD ND NG TED AED TEND SD OED AES OED SD AD SD AEN NED END GED AND GENE GND ERD ND ED ED ENED GED GND GUS COND SEED GHD END SUED OD ED GUND AD CAND SENS ED UND SET ETD ENED GUND SHUT AED GED HED GUND GUD SD ND SID GARY GUE GRAS WAND GUUD GND GOED GAS GRD GENED WAGED GERD GED SAND SAND SEND CUED NED DED ONO GAR) GAD SISO WUD SOND EN MORE CAND GUNA MEAD GHD GED CEED RID QOD CONES CUD GUND) GED GOED GEE GERD GRE UUND CD ED 
ED CEN CRED AD CD wen ENTE OAS GAN WAR; AED GED ERD AND TEED OUD CAD ERED CS SD CD CD ONT) GND ED LD EES ACNE SAD ORD GRD ED OD CO CED CD ceED TD EEAD GEED GIES Gene ERD cimb coe GARD eaime CT HAND eelneD etd IND CRM GED GON SEED GND Gn” SAND AD A CAD GED TED UEP Ce ED A A OD ee GD GED CRD AP cen CO aD Gnd ED tho END RD OD SUD ORD aed OD oe ee oo GD eS OD AD Ee ee 


Bytes 00 through MM define the search argument and may be repeated. 


Bytes 04 and 05 define the number of bytes in the search argument (Bytes 06-MM). 
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Table 42 
Search Data Low Command 


| BIT 7 6 5 t 3 2 1 0 
BYTE 
o |< > oO 1. 1 0 : fr 6 
01 | Logical Unit Number | Reserved | Spn Dat [Rel Add 
o2 | “MSB Logical Block Address 
3a [ “Logical Block Address 
ao if “Logical Block Address 
56 | LSB Logical Block Address 
o | “Reserved 
7m | "Number of Blocks” 
0a fl Number of Blocks 
en V U_| vu | Reserv | Reserv | Reserv | Reserv] Flag i a Link 


SEARCH DATA LOW (12) (Optional). 


This command performs the same function as the search data equal command, but is 
satisfied by a compare of low or equal. 


See SEARCH DATA EQUAL for Search Data Format. 
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6.3.4 Command Descriptions (Group 05) for Direct Access Devices 


STANDARD (S) 


EXTENDED (E) 


OPTIONAL (0) 


VENDOR UNIQUE (V) 


RESERVED (R) 


Commands shall be implemented in order to meet 
the minimum requirement of this specification. 


Commands shall be implemented in addition to 
Standard commands to meet the extended 
requirement of this specification. 


Commands, if used, shall be implemented as 
defined in this specification. 


Commands available for Vendor Unique 
implementations. See Appendix C for a list of 
current Vendor Unique commands. See the vendor 
specifications where compatability is desired. 


Command codes not currently used are reserved 
for ANSI definition at a future date. 


Command operation codes and names are listed in Table 43. 
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Table 43 
Command Codes 
Group 05 Commands 


SET LIMITS 


ARAADAAAAAADAAAAAAA<<< << <O<<<<<<<<< 
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Table 44 
Set Limits Command 


BIT 7 6 5 & 3 2 l 0 

BYTE 

o |. i « i. « oe 2 ae . oo « 
ao [| 4 Logical Unit Number | Reserved 
2 |  “"NMSB Logical Block Address 
3a [| "Logical Block Address 
a ff "Logical Block Address 
o | TSB Logical Block Address 
06 | “and MSB Logical Block Address 
7” | | “Qnd Logical Block Address 
a [| nd Logical Block Address 
o | 2nd LSB Logical Block Address 
to fo Reserved SS 
a V u | w_ _[Reserv | Reserv [Reserv [Reserv | Flag | Link 


SET LIMITS (09) (Optional). 


This command defines the addresses outside of which any following linked commands 
may not operate. A second set block limits command may not be linked to a chain of 
commands in which a set block limits command has already been issued. The two low 
order bits of the Byte 10 define the legal operations within the limits of the specified 
addresses. Bit 0 indicates write inhibit, and Bit | indicates read inhibit. 
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6.3.5 Command Descriptions (Groups 06 and 07) for Direct Access Devices 


Commands in these classes are vendor unique commands. 


6.4 Commands - Sequential Access Devices 


6.4.1 Command Descriptions (Group 00) for Sequencial Access Devices 


STANDARD (S) 


EXTENDED (E) 


OPTIONAL (0) 


VENDOR UNIQUE (V) 


RESERVED (R) 


Commands shall be implemented in order to meet 
the minimum requirement of this specification. 


Commands shall be implemented in addition to 
Standard commands to meet the extended 
requirement of this specification. 


Commands, if used, shall be implemented as 
defined in this specification. 


Commands available for Vendor Unique 
implementations. See Appendix C for a list of 
current Vendor Unique commands. See the vendor 
specifications where compatability is desired. 


Command codes not currently used are reserved 
for ANSI definition at a future date. 


Command operation codes and names are listed in Table 45. 
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Table 45 
Command Codes 
Group 00 Commands 


HEX 
OP Code Type Description 
00 O TEST UNIT READY 
01 S REWIND 
02 V 
03 S REQUEST SENSE 
04 R 
05 E READ BLOCK LIMITS 
06 V 
07 V 
08 S READ 
09 V 
OA S WRITE 
OB O TRACK SELECT 
0C V 
OD V 
OE V 
OF O READ REVERSE 
10 S WRITE FILE MARK 
11 O SPACE 
12 E INQUIRY 
13 O VERIFY 
14 O RECOVER BUFFERED DATA 
15 Oo MODE SELECT 
16 O RESERVE UNIT 
17 O RELEASE UNIT 
18 O COPY 
19 O ERASE 
1A O MODE SENSE 
IB O LOAD/UNLOAD 
IC O RECEIVE DIAGNOSTIC RESULTS 
ID e) SEND DIAGNOSTIC 
IE R 
LF R 
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Table 46 
Test Unit Ready Command 


BIT 7 6 5 & 3 2 1 0 

BYTE 

o | . 0 oOo oOo oO 0 oO oO. 
01 | Logical Unit Number [Reserved 
2 [| "Reserved 
3a ff “Reserved 
a | “Reserved 
en en V u_| wo | Reserv [Reserv [Reserv [Reserv | Flag | Link 


TEST UNIT READY (00) (Optional). 


Returns zero status if addressed unit is powered on and ready. This is not a request for 
unit self test. A fast response is expected. 


Table 47 
Rewind Command 


BIT 7 6 p) i 3 2 I 0 

BYTE 

o | oO oO Oo oOo 0 oO o 1. 
ao | 4 Logical Unit Number |__ Reserved immed 
of Reserved 
3a [| “Reserved 
mo f Reserved SS 
06 {| ° V u_| Ww | Reserv | Reserv Reserv [Reserv | Flag | Link | 


REWIND (01) (Standard). 


The specified unit is to be rewound to beginning of tape (BOT) or load point. Status shall 
be returned after the rewind is completed unless the Immediate Status bit (Bit 0, Byte 1) 
is set. If the Immediate Status bit is set, status may be returned as soon as the REWIND 
is initiated. 
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Table 438 
Request Sense Command 


BIT 7 6 5 i 3 2 l 0 

BYTE 

o | . 0 oO oOo. < oO oO 1. 1. 
01 | Logical Unit Number [Reserved ee 
2 | "Reserved 
3a | “Reserved 
au | “Number of Bytes Allocated = = 
056 [| V u | vw | Reserv] Reserv | Reserv | Reserv | Flag | Link 


REQUEST SENSE (03) (Standard). 


Returns unit sense. The sense data will be valid for the check condition (status) last 
presented to the INITIATOR. This sense data shall be preserved in the TARGET for the 
INITIATOR. Sense data shall be cleared on the reception of any subsequent command to 
the unit in check from the INITIATOR receiving the check condition. (See Section 6.8 
and 6.9 for sense data format.) Byte 04 in this command will specify the number of 
bytes that the INITIATOR has allocated for returned sense. All INITIATORs shall be 
capable of accepting a minimum of four sense bytes (i.e., a value of 0 through 3 defaults 
to a four byte allocation). 


Check status shall not be returned for this command. 
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Table 49 
Read Block Limits Command 


BIT 7 6 p) 4 3 2 I 0 

BYTE 

o | . 0 oO oOo. oO tO 1. 
01 | Logical Unit Number [ Reserved re 
2 | “Reserved 
3a {| “Reserved 
ao fll RR served 
056 | V u_[ we | Reserv | Reserv | Reserv | Reserv | Fiag Req | Link | 


READ BLOCK LIMITS (05) (Extended). 


Requests that the block length limits be returned for the addressed unit as data. The 
limit data shall be returned as follows: 
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The following READ BLOCK LIMITS data is sent during the data phase of the command: 


Table 50 
BYTE 
o | MSB Maximum Block Length = | 
o | © “LSB Maximum Block Length 
oa 6hftti—<—~*i‘“‘iéO NN MSB Minimum Block Length 
3 | “LSB Minimum Block Length = = 


If the Maximum Block Length = the Minimum Block Length, fixed length blocks are 
specified. Otherwise, variable length blocks are specified. For variable length blocks, if 
the Maximum Block Length = 0, no upper limit is specified. 
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Table 51 
Read Command 


BIT 7 6 5 & 3 2 l 0 

BYTE 

o | | oO 0 oO oO | i oO oO oO. 
ao | 4 Logical Unit Number | __ Reserved —— | Fixed 
2 | “Number of Bytes/Blocks to Transfer 
3a {| “Number of Bytes/Blocks to Transfer 
au | “Number of Bytes/Blocks to Transfer 
06 | V u [| vu | Reserv | Reserv | Reser | Reserv | Flag | Link 


READ (08) (Standard). - 


When the Fixed bit (Bit 0 of Byted 01) is zero, this command shall cause the next block 
on the addressed unit to be transferred to the INITIATOR. Bytes 2-4 of the CDB specify 
the number of bytes the INITIATOR has allocated for the returned data. If the actual 
block size is different from the specified number of bytes, check status shall be sent to 
the INITIATOR and the Incorrect Length Indicator (ILI) shall be set to one in the 
Extended Sense. The Information Bytes in the Extended Sense shall be set to the 
difference (residue) between the requested length and the actual block size. Controllers 
which do not support negative residues shall set the ILI to one and the residue to zero 
when the actual block size is larger than the requested length. 


When the Fixed bit is one, this command shall cause a number of blocks on the addressed 
unit to be transferred to the INITIATOR. The number of blocks to be transferred is 
specified in Bytes 2-4 of the CDB. Fixed mode READ commands are valid only if the 
unit is currently operating in Fixed Block Mode. Units are said to be in Fixed Block 
Mode when either of the following conditions are true: 


l. The unit reports the same value for Minimum Block Size and Maximum Block 
Size in response to the READ BLOCK LIMITS command. 

2. A variable block size unit has been instructed to use fixed block sizes with 
the MODE SELECT command. 


If neither of the above conditions are true, units are said to be in Variable Block Mode. 
If a block is read which is larger or smaller than the unit's current block size, check 


status shall be sent to the INITIATOR and the Incorrect Length Indicator (ILI) shall be 
set to one in the Extended Sense. A unit may, at its option, report the actual block size 
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encountered by setting the Valid bit to one and the Information Bytes to the difference 
(residue) between the unit's current block size and the actual block size. Units which do 
not report the actual block size shall set the Valid bit to zero. 


If unit reads a File Mark prior to completing a fixed mode Read command, the unit shall 
send check status to the INITIATOR and set the File Mark bit in Extended Status to one. 
The Information Bytes in the Extended Sense shall be set to the difference (residue) 


between the requested number of blocks and the actual number of blocks read (not 
including the File Mark). 
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Table 52 
Write Command 


BIT 7 6 5 & 3 2 1 0 

BYTE 

o | . 4 oO oO oO. a oO 1. oO. 
ao | 1 Logical Unit Number | Reserved Fixe 
o | "Number of Bytes/Blocks to Transfer 
30 | “Number of Bytes/Blocks to Transfer 
uo | “Number of Bytes/Blocks to Transfer 
56 | ° V u | w_ | Reserv] Reserv | Reserv | Reserv | Flag [Link | 


WRITE (0A) (Standard). 


When the Fixed bit (Bit 0 of Byte 01) is zero, this command shall cause a single block to 
be transferred from the INITIATOR and written to the addressed unit beginning at the 
current media position. Bytes 2-4 of the CDB specify the size of the block to be written. 
The requested block size must match the unit's current block size if it is in Fixed Block 
Mode or must be within the unit's Minimum and Maximum Block Size range if it is in 
Variable Block Mode. If the above conditions are not true, the controller shall send 
Check status to the INITIATOR and shall set the Sense Key in the Extended Sense to 
Illegal Request. 


When the Fixed bit is one, this command shall cause a number of blocks to be transferred 
from the INITIATOR to the TARGET to be written on the addressed unit beginning at the 
current media position. Bytes 2-4 of the CDB specify the number of blocks to be 
transferred. Fixed Mode WRITE commands are valid only if the unit is currently 
operating in Fixed Block Mode (see the READ command description). 


If the Early Warning End-of-Tape condition is encountered while writing, the controller 
shall attempt to finish writing any buffered data and shall terminate with Check status. 
The EOM bit in Extended Sense shall be set to one. If the physical End-of-Tape is 
encountered prior to writing all buffered data, the controller shall additionally set the 
Volume Overflow Sense Key in the Extended Sense. When the End-of-Tape condition is 
encountered on a Fixed Mode WRITE command, the Valid bit in Extended Sense shall be 
set to one and the Information Bytes shall be set to the difference (residue) between the 
requested number of blocks and the actual number of blocks written on the media. 
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Table 53 
- Track Select Command 


| BIT 7 6 5 4 3 2 1 0 

BYTE 

o | ae 0 oo oOo | 1 oO tt 1. 
ono 86 Logical Unit Number [ ___—aReserved eee 
2 | © “Reserved 
3a | “Reserved 
uo | —““““trackValue 
56 | V u | vu [Reserv |Resery |Reserv [Reserv [Flag | Link 


TRACK SELECT (0B) (Optional). 


This command requests that the specified track (value in CDB Byte 04) in the addressed 
Logical Unit be selected. | 
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Table 54 
Read Reverse Command 


| BIT 7 6 5 4 3 2 1 0 
BYTE 

o |< . oO of op | a. ft « “4 
o | 4 Logical Unit Number | Reserved =| CFixed 
2 | © Number of Bytes/Blocks to Transfer 
3 | © Number of Bytes/Blocks to Transfer 
ao | “Number of Bytes/Blocks to Transfer 
oOo |. V u | vu [Reserv [Reserv [Reserv [Reserv | Flag | Link 


READ REVERSE (0F) (Optional). 


This command functions identically to the Read Command except that tape motion is in 
the reverse direction. Thus, the block(s) and bytes within the block(s) are transferred in 
the reverse order. This command shall terminate with Check status and the EOM bit in 
Extended Sense shall be set to one if BOT or Load point is encountered. The Valid bit 
shall be set to one and the Information Bytes shall contain the difference (residue) of the 
requested number of bytes/blocks and the actual number of bytes/blocks transferred 
before BOT was encountered. File Mark handling is the same as in the Read Command. 
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Table 55 
Write File Marks Command 


| BIT 7 6 p) 4 3 2 1 0 

BYTE 

o | 0 oO oo 1. oO oO oO oO. 
ao | 1 Logical Unit Number —(iti“‘éRerved=( sts—S 
2 | | Number of FileMarks 
30 [| “Number of FileMarks 
ao | “Number of FileMarks 
56 | v U | we [Reserv [Reserv [Reserv [Reserv | Flag | Link 


WRITE FILE MARKS (10) (Standard). 
This command causes one or more File Marks to be written on the specified logical unit. 


_ The number of File Marks to be written is specified by Bytes 2-4 of the CDB. A Zero in 
this field indicates that no File Marks are to be written. 
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Table 56 
Space Command 


6 D 4 3 2 1 0 
o | oo | a: 1 oO | 0 oOo 1. 
ao | 1 L ogical Unit Number | Reserved =| Code 
2 | out 
a0 | Gount 
Count 
VU K _ [Reserv [Reserv [Reserv [Reserv | Flag y Link | 


SPACE (11) (Optional). 


This command provides a variety of positioning functions which are determined by the 
code and count fields in the CDB. Both forward (toward End-of-Tape) and reverse 
(toward Beginning-of-Tape) positioning are provided, although some controllers will only 
support a subset of this command. Such controllers shall return check status and set the 
Sense key in Extended Sense to Illegal Request in response to any attempt to invoke 
function which are not supported. 


The code field is defined as follows: 


Code Meaning 

00 Blocks 

Ol File Marks 

10 Sequential File Marks 
Bl Physical End-of-Data 


When spacing over Blocks or File Marks Bytes 2-4 of the CDB specify the number of 
Blocks or File Marks to be spaced over. A positive value N shall cause forward tape 
movement over N Blocks or File Marks ending on the EOT side of the last Block or File 
Mark. A zero value shall cause no tape movement. A negative value -N (2's complement 
notation) shall cause reverse tape movement over N Blocks or File Marks ending on the 
BOT side of the last Block or File Mark. 


If a File Mark is encountered while spacing over Blocks, tape movement shall be stopped. 
The media shall be positioned on the ETO side of the File Mark if movement was in the 
forward direction and on the BOT side of the File Mark if movement was in the reverse 
direction. Check status shall be sent to the INITIATOR and the File Mark and Valid bits 
in Extended Sense shall be set to one. The Information Bytes shall be set to the 
difference (residue) in the request number of blocks and the actual number of blocks 
spaced over (not including the File Mark). 
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When spacing over Sequential File Marks, the count field (Bytes 2-4 of the CDB) is 
interpreted as follows: 


A positive value N shall cause forward tape movement to the first occurrence of N 
consecutive File Marks stopping after the Nth File Mark. 


A zero value shall cause no tape movement. 


A negative value -N (2's complement notation) shall cause reverse tape movement 
to the first occurrence of N consecutive File Marks stopping on the BOT side of the 
Nth File Mark. 


When spacing to Physical End-of-Data, the count field of the CDB is ignored. Forward 
tape movement shall occur until the unit encounters Physical End-of-Data as defined by 
the unit. Some units define Physical End-of-Data as a DC-erased area on the media; 
however, other definitions are not precluded. Units which implement this function shall 
leave the media positioned such that a subsequent Write command would append data to 
the last file on the volume. 
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Table 57 
Inquiry Command 


| BIT 7 6 5 4 3 2 1 0 

BYTE 

o | o | oO oo 1 ¢ . oO 1. oO. 
01 | Logical Unit Number [Reserved 
2 {| “Reserved | 
3a | “Reserved 
ao | "Number of Bytes Allocated 
56 | V u [| vo [Reserv [Reserv [Reserv [Reserv [Flag | Link 


INQUIRY (12) (Extended). 


This command sends to the INITIATOR information regarding unit and TARGET 
parameters. 


Byte 04 in the CDB of this command will specify the number of bytes that the host has 
allocated for returned unit data. 


A value of zero indicates 256 bytes. A value of from | to 255 is as indicated. 
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The following INQUIRY data is sent during the data phase of the command: 


Table 58 
BYTE 
00 Device Type Code 
Ol Device Type Qualifier 
02 Length of Additional Bytes (N) 


The device type code (Byte 00) is as follows: 


HEX 00 = Direct Access Device 
HEX 01 = Sequential Access Device 
HEX 02 = Output Only Device 

HEX 03 = Processor Device 

HEX 04 to 7F = Are Reserved. 

HEX 80 to FF = Are Vendor Unique. 


The device type qualifier (Byte 01) is defined as follows: 


Bit 7 set to | = Removable Media. 

Bit 7 set to 0 = Fixed Media. 

Bits 6 to 0 form a seven bit user specified code. This code may be set with 
switches or by some other means within the TARGET. Devices which do not 
support this feature shall return all zero bits. The value of this feature allows each 
user to assign unique Codes to each device model that is supported on his system. 
These codes may then be used by self-configuring software to determine what kind 
of a device is at each SASI BUS address. This is specially valuable for systems that 
support multiple types of removable media. 


If the length of additional bytes (Byte 02) is 0, no unit parameter bytes are returned. All 
INITIATORs shall be capable of accepting a minimum of 3 bytes of INQUIRY DATA. 
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Table 59 


Verify Command 
| BIT 7 6 5 & 3 2 l 0 

BYTE 

o | | °° oO oo 1. . oO . 1. 
ao | 4 L ogical Unit Number | Reserved ee 
o | “Number of BlocksMSB 
3a | © “Numberof Blocks 
uo ff “Number of BlocksLSB 
o | V u | w [| [Reserv | Reserv | Reserv [Reserv | Flag | Link 


VERIFY (13) (Optional). 
This command verifies the data on the addressed logical unit for the number of blocks 


specified in the CDB Bytes 2-4 starting with the next block on the tape. Bit 7 of Byte 02 
shall = 0. 
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Table 60 
Recover Buffered Data Command 


| BIT 7 6 5 4 3 2 1 i) 
BYTE 
o | 0. 0 oo 1. ¢ : +. os. wo 
o | 4 Logical Unit Number | ——<“(itséRserveds— tt—~*S | Fixed : 
o |  ©““Number of Bytes/Blocks 
3 | | ““Number of Bytes/Blocks 
ou | ©. “““"“Number of Bytes/Blocks 
06 | V u_ | wu [Reserv [Reserv | Reserv [Reserv | Flag | Link 


RECOVER BUFFERED DATA (14) (Optional). 


This command is used to read data that has been written to the controller data buffer 
but not yet written on the media. It is normally only used to recover from error or 
exception conditions that make it impossible to write the buffered data on the media. 
This command functions similarly to the Read command except that the data is 
transferred from the controller data buffer instead of the media. The order in which 
block(s) are transferred is the same as they would have been transferred to the media. 


One or more Recover Buffered Data commands may be used to read the unwritten 
buffered data blocks. Controllers shall return Check status and set the EOM bit in 
Extended Sense to one whenever an attempt is made to recover more blocks than are 
contained in the buffer. Additionally, if the Fixed bit in the CDB is one, the controller 
shall set the Valid bit in Extended Sense to one and shall set the Information Bytes to the 
difference (residue) between the requested number of blocks and the actual number of 


blocks transferred. 
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Table 61 
Mode Select Command 


BIT 7 6 5 4 3 2 1 0 

BYTE 

o | 0 oO oOo | en oO tt oO 1. 
o | 1 Logical Unit Number | —siReserved 
2 | © “Reserved 
3a | “Reserved 
uo | “Length of Parameter List 
56 | V vu | w -_ } Reserv | Reserv | Reserv [Reserv | Flag [Link 


MODE SELECT (15) (Optional). 


This command provides a means to specify media, unit, or device parameters. Byte 04 of 
the CDB shall specify the length (in bytes) of an associated parameter list which is sent 
as data. This parameter list contains a list of extent descriptors. Each extent descriptor 
specifies the number of blocks, block size, and density code for that extent. Additional 
vendor unique parameters may be appended to the extent descriptor list. The extent 
descriptor list provides a means to specify media characteristics on media that may 
contain different densities such as half inch tapes. 
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The following MODE SELECT parameter list is sent during the data phase of the 
command: 


Table 62 
BYTE 
o | © “Reserved 
o 86000 Reservedss— 
2 8©6—Ss BufferedMode Cit | Spee ee 
3a { Length in Bytes of Descriptor List (nn) 


The Extent Descriptor list follows in Bytes 04 through 4+nn. This list shall contain nn/8 
Extent Descriptors defined as follows: 


00 Density Code 

ao | © “Reserved 
2 ~| + “Number of Blocks’ J 
3a ~ “Number of Blocks 
“ao {| “Reserved 
56 ~ “Reserved 
60 | “BlockSize 
myCP Block Size 


ED ER CHD CD GID GED, EE CG EN GOED ES AE CES CD CP SD EEND SED ED tS SED AD cnad AE CA OND HED HE OS GN CN CT ND ERS ORD GED SER ED eon ED OND oD GD SED OED Cees EN OD OP NS CE CED GEE COND GED OES GEE CD CED OEE OED EET GE GOD GED CEG SS SED GS OY GEES OS GST OED GSD GED MED OED GED ae SD OE A CAD GE ED GN GD ND) ED ED GD OD CO Ce on ct we 


Buffered Mode (Bits 4-7 of Byte 02) is defined as follows: 


0 - The unit shall not report good status on Write commands until data 
blocks are actually written on the media. 
I - The unit may report good status on Write commands as soon as the data 


block has been transferred to the controller's buffer. One or more 
blocks may be buffered prior to writing the block(s) to the media. 
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ZtoF ~- Reserved. 


Speed (Bits 0-3 of Byte 02) is defined as follows: 


0 = Default (Use the unit's default speed). 
l - Use the unit's lowest speed. 
2toF ~- Use increasing unit speeds. 


Density Code (Byte 00 of the Extent Descriptor) is defined as follows: 


00 - Default (Use the unit's default density). 

01 - First commonly used density for the media type. (Half inch - 800 BPI - 
NRZI). 

02 - Second commonly used density for the media type. (Half inch -1600 BPI 
-PE). 

03 - Third commonly used densith for the media type. (Half inch 6250 BPI = 
GCR). 


04 to FF - Increasing densities for the media type. 


A zero in the Number of Blocks field (Bytes 02-03) of an Extent Descriptor shall indicate 
that all remaining blocks on the unit are to be formatted as specified in that Extent 
Descriptor. A zero in the Block Size field (Bytes 06-07) of an Extent Descriptor shall 
indicate that blocks in that extent are variable in size. 
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Table 63 
Reserve Unit Command 


| BIT 7 6 5 4 3 2 1 0 
BYTE 

o | oO .  @- wa « > it ¢ ©, 
ao | 1 Logical Unit Number | __Reserved ee 
2 | © “Reserved 
3a | “Reserved | 
ao 6 Reserved 
06 ow | w _ [Reserv [Reserv [Reserv | Reserv | Flag |Link | 


RESERVE UNIT (16) (Optional). 


This command reserves this unit for use by the requesting INITIATOR until a RELEASE 
UNIT COMMAND is received. No other INITIATOR can perform any function on this 
unit. 


Table 64 
Release Unit Command 


ES) STD GS SEAS OD 290 AED ND GUE OOTP ITD A OU ENED WEED ID KE A CD EN GAD) AONE) ONS ED OND GMD CAD GD GAD MD GED GEM GUS CHP GEN RAY CRED OS GED GAD GF AFD SED HD 2B ELD CG SED SER HS COS EAD AD CED ED CH (SD GRE TD GERD GED SR cD WET GY AER) GD SED SED weede GATE CEES SOND CUE CRED SNES AED GBM) OSM ERD COM CET OEMS EUEE CRE ND GED CRY GHEY CD SEND CD OE ED OEP GED coe cay ee ee aD 
BED ERED AH TE CED ED CRG MNS ED TTD AS ND GAR LAD WED GED CR OO) RT Ca ELD EEE CED MD CRD TED OEY CAD CES ETD Ale ch GD SEED GED GEG EHD Gelb COND emAD CHRD UD OSES GND Gm CESS RED GRD OES SO eae nD Re ED an GEIS SED SEP lh GE ED OUD GRD EE GED OED OSD OSD ORD CED GED OEP UD ED GPP GES ED OUP GND GRE OEP COD ATR GD ATED ORD GD GAD ED VED OS GD TN TRS EET OND A GD SD GAD TD 


BIT 7 6 5 4 3 2 1 0 

BYTE 

o | . 0 oo 1. en a 1 
on | 4 Logical Unit Number | Reserved 
2 {| “Reserved 
3a [| “Reserved 
ao | "Reserved 
en V u | w -_ [Reserv | Reserv | Reserv [Reserv | Flag | Link | 


RELEASE UNIT (17) (Optional). 


This command releases this unit from the requesting INITIATOR. This INITIATOR must 
have issued the previous RESERVE UNIT COMMAND. 
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Table 65 


Copy Command 
7 6 5 & 3 2 l 0 
Oo | 0 oo ll. 1 0 oOo oO. 
Logical Unit Number | i} Reserved 


MSB Length of Parameter List 


Length of Parameter List 


LSB Length of Parameter List 


COPY (18) (Optional). 

This copy command shall allow tape to disk and disk to tape data movement without host 
involvement in the data transfer. Host involvement shall be required to insert label 
names, file marks, etc., between copy commands. 


CDB Bytes 2 - 4 will specify the byte length of the command parameter list to be 
retrieved from the INITIATOR. 
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The following COPY parameter list data is sent during the data phase of the command: 


Table 66 
BIT 7 6 5 4 3 2 1 0 
BYTE 
o | | CopyFunction | 4 Priority 
ao | © “Reserved 
2 | © TapeBlock Size 
3a {| | “““TapeBlock Size 


One or more Segment Descriptors may follow beginning in Byte 04. The Segment Descriptors 
are defined as follows: 


o | |: Source Controller ID. [Reserved [Logical Unit Number 
ao fo Reserved 
a [re Reserved 
30 [| Reserved 
om | “MSB Number of Blocks 
06 [| “Number of Blocks ss” 
060 | Number of Blocks 
7” | "ESB Number of Blocks 
o | “MSB Logical Block Address 
0 | “Logical Block Address 
i =O ftt—“<is~=‘“‘“‘“‘“‘é™S gical Block Address 
uo of ESB Logical Block Address 


ED A OS AD AD AED AN ED ND AS ED SAT ED AD ND AD SU ED OND AONE TED TOE SEND AD AD SAD ED AED GND AND UND ED AED ED SND ED GEN INAS SNGLD SUED SAND SND GANS ND AD NS SUE TU ESD NS GUND AONE AD SUD SAND AED ID AD OEE AD SAD ED AD AD SEND SND SD SES SD AA A ND SE NN SD SO a SEA Nm GE NN NLD A GD OAD RD SED MR GD ED ED ED ERD Gam nn 
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Copy Function (Bits 3-7 of Byte 00) is defined as follows: 


00 - Backup (disk to tape) 

01 Restore (tape to disk) 

02 Copy (disk to disk; see 6.3.1) 
03toOF - Reserved 

OF to l1F - Vendor Unique 


Priority (Bits 0-2 of Byte 00) establishes the relative priority of this Copy Command to 
other commands being executed by the same controller. All non-Copy commands are 
assumed to have a priority of 1. Priority 0 is the highest priority with increasing priority 
numbers indicating lower priorities. 


Tape Block Size (Bytes 02-02) specifies the Block Size to be used on the Tape unit during 
the Copy for Variable Block Mode units. This field should match the current Block Size 
for Fixed Block Mode units. If this field does not match, the controller shall send Check 
status to the INITIATOR and set the Sense Key in Extended Sense to Illegal Request. 


Controller Device ID (Bits 5-7 of Byte 00 of the Segment Descriptor) specifies the SASI 
BUS DEVICE number of the disk unit to be transferred to/from in the current segment. 
Some controllers may not support Controller Device IDs other than their own. Such 
controllers shall send Check status to the INITIATOR and set the Sense Key in the 
Extended Sense tolllegal Request when a Segment Descriptor contains an unsupported 
Controller Device ID. 


Logical Unit Number (Bits 0-2 of Byte 00 of the Segment Descriptor) specifies the 
Logical Unit Number of the disk unit to be transferred to/from in the current segment. 


ad 


Number of Blocks (Bytes 04-07 of the Segment Descriptor) specifies the number of 
blocks in the current segment. A zero value indicates that no blocks are to be ~ 
transferred in this segment. 


Logical Block Address (Bytes 08-11 of the Segment Descriptor) specifies the starting 
block address of the segment. 


If the Early Warning End-of-Tape condition is encountered during a Backup Copy 
command, the controller shall: 


l. Terminate with Check status. 

Zs Set the Valid and EOM bits in Extended Sense to one. 

3. Set Byte 01 of Extended Sense to the current Segment Descriptor number. 
The Segment Descriptors are identified by ascending numbers beginning with 
0. 

4, Set the Information Bytes of the Extended Sense to the difference (residue) 


between the Number of Blocks field for the current segment and the actual 
number of blocks written on the media. 
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If the File Mark is encountered during a Restor Copy command, the controller shall: 


I. 
2 
3. 


Terminate with Check status. 
Set the Valid and File Mark bits in Extended Sense to one. 
Set Byte 01 of Extended Sense to the current Segment Descriptor number. 


The Segment Descriptors are identified by ascending numbers beginning with 
0. 


Set the Information Bytes of the Extended Sense to the difference (residue) 
between the Number of Blocks field for the current segment and the actual 
number of blocks transferred to the disk. 
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Table 67 
Erase Command 


BIT 7 6 5 A 3 2 l 0 

BYTE 

o | . oO oo lL. I oO oOo L. 
ao | 1 Logical Unit Number | Reserved | Long 
2 | “Reserved | 
3a [Reserved 
mo | Reserved 
06 | V u [| vu [Reserv [Reserv [Reserv [Reserv | Flag | Link 


ERASE (19) (Optional). 


This command causes part or all of the remaining media on the volume to be "erased" 
beginning from the current media position. As used here, "erased" means either the 
media shall be DC-erased or a pattern shall be written on the media that appears as gap 
to the controller. The distance to be erased is controlled by the Long Bit (Bit 0 of 

Byte 01) in the CDB. If the Long bit is one, all remaining media on the volume shall be 
erased. If the Long bit is zero, a controller defined portion of the media shall be erased. 
Normally, short erases are used to create an extended gap for software controlled error 
recovery or for support of update in place functions. 


Note: Some controllers will reject long Erase commands if the unit is not positioned at 
BOT. 
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Table 68 
Mode Sense Command 


BIT 7 6 5 & 3 2 1 0 

BYTE 

o | . 0 oo 1... a . " - ow 
ao | 1 Logical Unit Number ——iti(“‘é‘éRerved=— sts 
2 | © Reserved 
3a | “Reserved | 
“a | LengthofDataList | 
056 | V u | wy [Reserv [Reserv [Reserv |Reserv | Flag | Link 


MODE SENSE (1A) (Optional). 


This command provides a means for a TARGET to report its media, unit, or device 
parameters. It is a complementary command to the mode select command for support of 
media that may contain different densities such as half inch tapes. Byte 04 of the CDB 
shall specify the maximum number of bytes that may be returned by the command as 
data. 
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The following MODE SENSE data is sent during the data phase of the command: 


Table 69 
BYTE 
o | Length (in Bytes) of the Following Data (N) 
on | “MediaType | 
2 | Buffered Mode [Speed 
3a {| Length in Bytes of Extent Descriptor List (nn) 


The Extent Descriptor list follows in Bytes 04 through 4+nn. This list shall contain nn/8 
Extent Descriptors defined as follows: 


00 Density Code 

ao | — “Reserved | 
2 | | "“Number of Blocks 
3a | “Number of Blocks 
uo | “Reserved 
6 | | “Reserved 
“0 | ©“ BlockSize 
my | "Block Size ss—s—~—S 
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Media Type (Byte 01) is defined as follows: 


00 - Default (Unit only supports one media type). 

on - First commonly used media type for the unit. 
02 - Second commonly used media type for the unit. 
03toFF ~- Additional media types for the unit. 


Buffered Mode (Bits 4-7 of Byte 02) is defined as follows: 


0 - The unit will not report good status on Write commands until data 
blocks are actually written on the media. 
l - The unit may report good status on Write commands as soon as the 


data block has been transferred to the controller's buffer. One or 
more blocks may be buffered prior to writing the block(s) to the 
media. 

2toF - Reserved. 


Speed (Bits 0-3 of Byte 02) is defined as follows: 


0 - Default (unit only supports one speed). 
| - Slowest unit speed. 
2toF - Increasing unit speeds. 


Density Code (Byte 00 of the Extent Descriptors) is defined as follows: 


00 - Default (unit only supports one density). | 
Ol - First commonly used density for the media type. (Half inch 800 BPI - 
_ NRZI) | | 
02 - Second commonly used density for the media type. (Half inch - 1600 
BPI - PE) 

03 - Third commonly used density for the media type. (Half inch - 6250 
BPI - GCR) 

04toFF - Increasing densities for the media type. 


A zero in the Number of Blocks field (Bytes 02-03) of an Extent Descriptor means that 
all remaining blocks on the unit are formatted as specified in that Extent Descriptor. A 
zero in the Block Size field (Bytes 06-07) of an Extent Descriptor means that the blocks 
in that extent are variable in size. 


114 


Table 70 


Load/Unload Command 
| BIT 7 6 5 4 3 2 1 0 

BYTE 

o |< | oO oo 1. | 4 ; t 4 1 
ao | 4 Logical Unit Number ]_ Reserved re 
2 [| © “Reserved | 
3a [| © “““Reserved 
“uo | “Reserved | Load 
56 | 3 vy | vu [Reserv |Reserv [Reserv [Reserv | Flag | Link 


LOAD/UNLOAD (1B) (Optional). 


If the Load bit (Bit 0 of Byte 04) is on, this command requests that the media on the 
addressed logical unit be loaded and positioned to BOT or Load Point as determined by 


the unit. 


If the Load bit is off, this command requests that the media on the addressed logical unit 


be positioned for removal from the drive. 


Table 71 
Receive Diagnostic Results Command 


BIT 7 6 5 4 3 2 1 0 

BYTE 

o | . oO of 1... es ee ee ee 
01 | Logical Unit Number [| _—Reserved i 
2 | ©. ““Reserved 
30 | | "“"“Data Variable Length Indicator 
uo | "Data Variable Length Indicator 
06 | - V u | vw | [Reserv [Reserv [Reserv [Reserv [ Flag | Link | 


Note: This command allows the operating system to be independent of vendor unique. 
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diagnostic functions. The diagnostic software becomes more portable to various 
operating systems. 


RECEIVE DIAGNOSTIC RESULTS (1C) (Optional). 


This command sends analysis data to INITIATOR after completion of a write diagnostic 
command. The analysis data is vendor unique with bytes 3 and 4 of the CDB specifying 
the length of the data. 
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Table 72 
Send Diagnostic Command 


4 3 2 l 0 

l l l 0) l 
Reserved [ev Ofl [une Ofl 
Reserved 


Data Variable Length Indicator 


Data Variable Length Indicator 


Note: This command allows the operating system to be independent of vendor unique 
diagnostic functions. The diagnostic software becomes more portable to various 
operating systems. 


SEND DIAGNOSTIC (1D) (Optional). 


This command sends data to the TARGET to specify diagnostic tests for TARGET and 
peripheral units. The analysis data is vendor unique with Bytes 3 and 4 of the CDB 
specifying the length of the data. 


Unit off line (Bit 0 of Byte 01) enables diagnostic operations which affect the current 
tape position or write on the tape. 


Device off line (Bit 1 of Byte 01) enables diagnostic operations which may adversely 
affect I/O operations to other units on the same controller. 
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6.5 Commands - Processor Devices 


6.5.1 Command Descriptions (Group 00) for Processor Devices 


STANDARD (S) 


EXTENDED (E) 


OPTIONAL (0) 


VENDOR UNIQUE (V) 


RESERVED (R) 


Commands shall be implemented in order to meet 
the minimum requirement of this specification. 


Commands shall be implemented in addition to 
Standard commands to meet the extended 
requirement of this specification. 


Commands, if used, shall be implemented as 
defined in this specification. 


Commands available for Vendor Unique 
implementations. See Appendix C for a list of 
current Vendor Unique commands. See the vendor 
specifications where compatability is desired. 


Command codes not currently used are reserved 
for ANSI definition at a future date. 


Command operation codes and names are listed in Table 73. 
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Table 73 
Command Codes 
Group 00 Commands 


REQUEST SENSE 


RECEIVE 


SEND 


INQUIRY 


RECEIVE DIAGNOSTIC RESULTS 
SEND DIAGNOSTIC 
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Table 74 
Request Sense Command 


REQUEST SENSE (03) (Standard). 


4 3 2 1 0 
0 0 0 l l 
Reserved 
Reserved 
Reserved 


Number of Bytes Allocated 


EE RA SAR ENED CO IE AEE OE SS GR OD CORE ENR EI OOP SES 2EG) AED oes cee eee ES SE AEE SES OS TNE week: OR GEES TS ED GED OND CHD ND CEE HD COED et aatD SE WR CER UD TA UES EET CHE CRE SNE AK SN TER: RED AGED leh Ee WTA SH OE GEETD SHE GRA SE OUD AOR OY aD aD 
ED ER AES CAD COATS SED GEE GENS GOP SOND etl GRD ENED Cente GLUED GRD GED GAD OND AD OD GEA AES GEE CED GAD AED OES GR OD GERD OCS) GD ED OED GE GS GT GLE OSD GES OD GD CED CE WED CED 


Returns unit sense. The sense data will be valid for the check condition (status) just 
presented to the INITIATOR. This sense data must be preserved in the TARGET for the 
INITIATOR. Sense data will be cleared on the reception of any subsequent command to 
the unit in check from the INITIATOR receiving the check condition (see section 6.8 for 
the sense data format). Byte 04 in this command will specify the number of bytes that 
the INITIATOR has allocated for returned sense. All INITIATORs shall be capable of 
accepting a minimum of four sense bytes (i.e., a value of 0 through 3 defaults to a four 


byte allocation). 


Check status shall not be returned for this command. 
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Table 75 
Receive Command 


| BIT 7 6 5 t 3 2 1 0 
BYTE 
o | O 0 oO op | tC 0 oOo oOo. 
o | 1 Logical Unit Number | «Reserved re 
2 | “Number of Bytes Allocated 
3a | “Number of Bytes Allocated = = 
mo {| “Number of Bytes Allocated 
06 6 vu | vu [Reserv [Reserv [Reserv Reserv | Flag | Link 


RECEIVE (08) (Optional). 


Transfers to the INITIATOR the specified number of bytes. Bytes 02 to 04 of the CDB 
specify the number of bytes allocated. 


Table 76 
Send Command 
BIT 7 6 5 & 3 2 1 0 

BYTE 

o | . . oc ©  «. 1 oO tO. 
ao | 4 Logical Unit Number | =—éReserved tt s—sS 
2 | “Number of Bytes Allocated = 
3a | © “Number of Bytes Allocated 
ao | “Number of Bytes Allocated = 
06 | 3 V u | vu -_ [Reserv | Reserv | Reserv [Reserv | Flag | 1 Link 


A ED ND AD NS SR SN SAD ED ND LD ND NY SUD OD GAN GATED OLD SED SAD AER SEND SOUND GND GAA cen CAND AGT ND GEND AED GUN END GED GNU OUD AND GOED GUE AD aU SED GAUL GUND GUE: PMD GOED WUT ND GALL sin) END MTD UTD OED iPS CLAD AONE CMD Chi OND CED MAD OED MONA GRID CED GRRE GONG WEED COED SED GND GUD SHINS clan GLINND OAM GLAD ED WED SES GD SUED GRD COND WAND CUP GD GED GENS GMD CED NN) GE) CUD CED UD GWE ae <D 


SEND (0A) (Optional). 


Transfers to the TARGET the specified number bytes. Bytes 02 to 04 of the CDB 
specify the number of bytes the INITIATOR has to send to the TARGET. | 
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Table 77 
Inquiry Command 


BIT 7 6 5 4 3 2 l 0 

BYTE 

o | . oO o 1 ¢ 0 oO 1 oO. 
ao | 4 Logical Unit Number | Reserved 
2 Jf "Reserved ss 
3a | “Reserved 
uo f| "Number of Bytes Allocated 
06 | vu | vu | Reserv | Reserv] Reserv | Reserv | Flag | Link 


A ED AED CONG NED MLD LEY CORI AD CEN SD ON STD CAND CUED SENS SEY GED GEES GLUE OUND CEES SEND GN AD GHD GD SND AND SED CNG ED CAD AND SED SD ED ED ED SE GND GUNS AND GIN GE GED CUD SUD GUD GLP aany Ga GUNS COED CUED GUND GERD GUAT GUND Sieh EDED OUND MinD ND AEE CE ARE ND GED gD MUD AED GOED GUD CAND GHG AON OND ED OG GAD CUED OUD SEND OND GED GND GED OGD ED ED AD ED OD EN GD ORD OUD GED WED aEeD 


INQUIRY (12) (Standard). 
This command sends to the INITIATOR information regarding unit and TARGET 
parameters. 


Byte 04 in the CDB of this command will specify the number of bytes that the host has 
allocated for returned unit data. (0 indicates 256 bytes, and | to 255 as indicated). 
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The following INQUIRY Data is sent during the data phase of the command: 


Table 738 
BYTE 
00 Device Type Code 
Ol Device Type Qualifier 
02 Length of Additional Bytes (N) 


The device type code (Byte 00) is as follows: 


HEX 00 = Direct Access Device 
HEX 01 = Sequential Access Device 
HEX 02 = Output Only Device 

HEX 03 = Processor Device 

HEX 04 to 7F are reserved. 

HEX 00 to FF are Vendor Unique. 


The device type qualifier (Byte 01) is defined as follows: 


Bit 7 set to 1 shall be removeable media. 

Bit 7 set to 0 shall be fixed media. 

Bits 6 to 0 form a seven bit user specified code. This code may be set with 
switches or by some other means within the TARGET. Devices which do not 
support this feature shall return all zero bits. The value of this feature allows each 
user to assign unique codes to each device model that is supported on his system. 
These codes may then be used by self-configuring software to determine what kind 
of a device is at each SASI BUS address. This is specially valuable for systems that 
support multiple types of removeable media. 


If the length of additional bytes (Byte 02) is 0, no unit parameter bytes are returned. All 
INITIATORs shall be capable of accepting a minimum of 3 bytes of INQUIRY DATA. 
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Table 79 
Receive Diagnostic Results Command 


6 5 & 3 2 l 0 

0 0 1 ] 1 0 0 
Logical Unit Number | Reserved 
Reserved 


Data Variable Length Indicator 


Data Variable Length Indicator 


RECEIVE DIAGNOSTIC RESULTS (1C) (Optional). 


Sends analysis data to INITIATOR after completion of a send diagnostic command. The 
analysis data is vendor unique with bytes 3 and 4 of the CDB specifying the length of the 
data. 
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Table 30 
Send Diagnostic Command 


| BIT 7 6 5 4 3 2 1 0 
BYTE 
o | ¢ . | oO oo t.| . « «© | —_ 
oo 86©| Logical Unit Number [Reserved a [Dev of funt of 
2 | © “Reserved | 
3o {| “Dats Variable Length Indicator 
o | © “Tata Variable Length Indicator 
06 | - V U | Ww [Reserv | Reserv | Reserv | Reserv | Flag | Link 


Note: This command allows the operating system to be independent of vendor unique 
diagnostic functions. The diagnostic software becomes more portable to various 
operating systems. 


SEND DIAGNOSTIC (1D) (Optional). 

Sends data to the TARGET to specify diagnostic tests for TARGET and peripheral units. 
The analysis data is vendor unique with bytes 3 and 4 of the CDB specifying the length of 
the data. 


Bit 0 of bytes 01 enables diagnostic operations which affect the current tape position or 
write on the tape. : 


Bit 1 of byte 01 enables diagnostic operations which may adversely affect I/O operations 
to other units on the same controller. 
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6.6 Completion Status 


Status shall always be stored at the end of a command or set of linked 
commands. Intermediate status shall be stored at the completion of a linked 
command. Any abnormal conditions encountered during command execution 
shall cause command termination and ending status. 


6.7 Completion Status Byte 


Byte 00 
Bit 0 


Bit | 


Bit 2 


Bit 3 


Bit 4 
Bits 5 - 6 
Bit 7 


Byte Ol 
Bit 0 


Bits | - 6 


Bit 7 


Vendor unique. 


Check condition. Sense is available. See Request Sense 
Command. 


Condition met. Will be set to indicate a test condition was 
met, in particular a SEARCH DATA command satisfied its 
search condition. 


Busy. Device is busy or reserved. Busy status will be stored 
whenever a target is unable to accept a command from an 
INITIATOR. The most common instance of this condition 
arises when an INITIATOR that does not allow reconnection 
requests an operation from a reserved or busy device. 


Intermediate status sent. This bit is set for any intermediate 
status sent during a series of linked commands. This bit will 
not be set for any ending status. 


Vendor unique. 


Extended status. This bit set means that the second status 
byte is valid. 


Host adapter detected error. Reserved for the host adapter 
H.A. to flag the host for errors not detected by the TARGET. 


Reserved. 


Extended status. This bit, when set, means that the third 
status byte is valid. 
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BYTE 
00 Ext Stat VU | VU Int Sta Busy /{Cdt. Met | Check VU 
01 Ext Stat H.A. Err 


Se Cat Se ey Oe a ee ‘St CN RE, TD 6 CE DES OS EN ae a GWE sane TR A > OE ES GE ES GG SD Ce Gee A ED ER GP CO ES SSD GES ES) GS CD GED ate CES SES CEP GP AWE OE GS GS aa) GERD GED OG GD END ESD CN GES ED? AES OE GRD CED ED GE OE OOP €ED GD CEE SD SSG CED Cae CED GED OD GRD GE) Ge GERD Wwe GED GN) Gk Gi GD Ch) Clas RE GUN GH GRP OED HED GED GD GD aa emah eta 
SEED ESD AED METS COMED AED GARD <ENtS AOD eS eID CUED aAaD MD MY SEY COD END MUN OREP CRD CEE OLED CAND OUD SURED AERP CAND ORE GED ERD CULES CURD ORRD CURED SGN IED GED GEMEP CEES CFE AED OED GRD OEE CNY CRED EDD AD ED ED wR SED SOU FEED OD GES OD EP ED ED AED GUD GD ORD END Ee OD Ey emED UE ee eeep cmp <inD een tr emp eeeD aD ee ey cee Sey cee eee aD enti come emtip <onty cme ami IED WD ane GRD SLID and ETD Gk aah a HD 


6.8 Sense Bytes 


The SENSE BYTES are retrieved using the REQUEST SENSE command. The 
format of these bytes is determined by the first SENSE BYTE. Bits 6 - 4 of this 
byte specify the Error Class and bits 3 - 0 of this byte specify the Error Code. 
Error classes 0 - 6 specify the following format: 


For Error Class 7, the format is determined by the Error Code bits. The code 0 
format (EXTENDED SENSE BYTES) is defined below. Codes | through 14 are 
undefined and are reserved for future definition. Code 15 is available for 
vendor unique SENSE BYTE formats. 


BIT 7 6 5 4 3 2 1 0 
00 ‘AdValid [Error Class (0-6) | Error Code OO 
ao | 4 Reserved | MSBLogical Block Address 
2 f "Logical Block Address” 
3a f[ “LSB Logical Block Address 
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6.9 Extended Sense Bytes 


The EXTENDED SENSE BYTES are defined as follows: 


BIT 7 6 5 & 3 2 1 0 
o | valid | Clas7 [ CoeO)0)0t—<“—s—SOCS 
01 | SegmentNumbr —(i‘“‘:;COOOOO 
02 |rilemk = [Eom | ut [Reserved [ SenseKey 
3a ff “Information Bytel = 
ao | “Information Byte2 
056 | “information Byte3 
060 [| “Information Byte4 
om {| “Additional Sense Length 
o8-NN| =  ~~—~————s Additional Sense Bytes 


em a) CES OED Ay me MP oY GED Sb AD OE ED RS NS NS CS NS SD ES ED UE SD EE DD AD AD ED ES ED SD ED EE A ES ED ED ED GD ND WAND GND) ED GHD AND GD AD AD AED GD GED GAD AD ED SE CEES GENE ED GED GED ED OEE GED ED ED SED ED EES GED GRE GED GEE AR ED ED ED ED ED ED ED OD GD ED ES SE Es 0 Gs 0 OS Gs 0 0 en a Oe ee ee eae 
‘ED GRD GAD GUND CANS OND SNES CED CD GEE SUED CEE CED GED GND GED GED SED AED GES SED GEE CED AED SEE GED WUD GE GRE CED CUED CED GED AED GENS END GAED ENE CAEP GD CED GED GD GED GEN OED GED GD GERD CUED CED GENE CED ED OD GEN ED ERED ED UD ED GD OED CUED ES ED RED NED ED ED CED ED ED GD ED CED CEES EE OED GND ED GED CED ORD UND GD CAD GD SED GND AED ES ED GED EE ED CES GD EN ee 


The Valid bit (bit 7 of byte 0) indicates that the Information Bytes contain 
valid device type specific information. For type 0 devices, the Information 
Bytes specify the Logical Block Address associated with the Sense Key. For 
type 1 devices, the Information Bytes specify the difference (residue) of the 
requested length and the actual length in either bytes or blocks, as determined 
by the command. This field is not defined for other device types or if the Valid 
bit is not set. 


The Segment Number (Byte |) contains the current Segment Number if the 
Extended Sense is in response to a Copy command. Up to 256 segments are 
suported beginning with segment zero. 


The Filemark bit (bit 7 of byte 2) indicates that the current I/O read a Filemark 
Block. This bit is only used for type 1 devices. 


The End of Media bit (bit 6 of byte 2) indicates that an End of Media (End of 
Tape, Beginning of Tape, Out of Paper, etc.) has occurred on a sequential 
device. For type | devices, this bit indicates End of Tape if the direction was 
forward and Beginning of Tape if the direction was reverse. Direct Access 
devices will NOT use this bit; instead, these devices will report attempts to . 
access beyond the end of media as ILLEGAL REQUEST Sense Key (see below). 


The Incorrect Length Indicator (Bit 5 of Byte 2) indicates that the requested 
data transfer did not match the length of data on the media. 


128 


The Sense Key is defined as follows: 


Sense Key 
0 


Meaning 


NO SENSE. There is no sense information currently locked 
for the designated unit. This means that the last I/O from 
the current host to the addressed LUN completed with a 
Status that had the Check Condition bit off. This would be 
the case for a Good I/O. 


RECOVERABLE ERROR. The last I/O completed 
successfully with some recovery action required. Details can 
be determined by examining the Additional Sense bytes and 
the Logical Block Address field. 


NOT READY. The addressed unit cannot be accessed. 
Operator intervention may be required to correct this 
condition. 


MEDIA ERROR. The I/O completed with a Non-recoverable 
error condition which was probably caused by a flaw on the 
media. | 


HARDWARE ERROR. This condition indicates that the 
TARGET detected a Non-recoverable hardware failure while 
attempting to perform the command. 


ILLEGAL REQUEST. This condition indicates that there was 
an illegal parameter in the Command Descriptor Block or in 
the additional parameters supplied as data for some 
commands (FORMAT UNIT, SEARCH DATA, etc.). 


MEDIA CHANGE. This status indicates that the removeable 
media may have been changed since the last command was 
issued to the addressed unit. This status will be reported the 
FIRST time that a command which reads or writes on the 
media is issued after the condition is detected and the 
requested command will not be performed. This condition is 
cleared on the next I/O from the same host. Note: The 
MEDIA CHANGE condition MUST be reported to ALL hosts 
in a multi-host system. 


WRITE PROTECT. This condition indicates that a command 


which writes on the media was attempted on a "write 
protected" unit. The write was not performed. 
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Sense Key Meaning 


8 DIAGNOSTIC UNIQUE. This condition is provided to report 
diagnostic unique conditions that should be handled by 
diagnostic programs instead of the Operating System. This 
condition should only be used with diagnostic commands. If 
this status occurs on a non-diagnostic command, the 
Operating System should treat it the same as HARDWARE 
ERROR. 


9 VENDOR UNIQUE. This condition is provided to report 
: vendor unique conditions. 


A POWER UP FAILED. This condition indicates that the Bus 
Device has failed its Power-Up self-test. This condition 
should be reported to ALL hosts. 


BR ABORTED COMMAND. The TARGET aborted the command. 


The Operating System may be able to recover by trying the 
command again. 


EQUAL. Will be sent when search data equal is satisfied. 


VOLUME OVERFLOW. This condition indicates that a 
buffered divice has reached the End of Media and data 
remains in the buffer which has not been written to the 
media. Recover Buffered Data command(s) may be issued to 
read the unwritten data from the buffer. 


E-F These sense keys are reserved 
The Additional Sense Length (byte 7) specifies the number of Additional Sense 


Bytes. The Additional Sense Bytes contain device specific data that further 
define the nature of the Check Condition. 
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APPENDIX A: SHUGART ASSOCIATES SYSTEM INTERFACE 


"This Appendix is included for informational purposes only and is not a part of 
the SCSI Standard." 


“Bus set delay” - max time from check of “bus free” (BSY & SELL not asserted) until assertion of “BSY" and ID. (1.1 ys). 


~‘Bus free delay” = min time bus must be left free, (100 ns). 
-“Bus Clear delay’ = time to clear from bus after drop of "BSY” for bus free phase or asserting of SEL for arbitration phase sy aihe? device, (650 h y. 


“Arbitration delay” = min time from asserting “BSY" to check if arbitration is won, ‘1 7s) 


“Bus settle delay.” (450 ns). 


||! | | | | | | ++ L—“Deskew delay” (45 ns). ! , | | 
l | 
(Select) +SEL | : } | oh ss aperolenedaes | (-——___—__———— | : aie mee ; are a! fs eae eeesee eee 


l | start here. | 
(Control/Data) +C/D 


l | | | . a Read peripheral device 
| | | | | poe ‘REQ’ /ACK” anneee cycle Write peripheral aCe 
(Request) +REQ nen = = meee se 
| | 
| ee ae 


(Busy) +BSY emma mag 


(Acknowledge) +ACK 


(Attention) +ATN 


| | | | | ey i cit: | | 
(Reset) +RST : 
l | , , | | | Valid | Valial First data (read peripheral) , Last data (read eee 7 


AbritrationIDs |) Initiator 1D &targetiD | (“> |) Kt | | (Valid yale, —_) X Valia Walid) 


(Data bit) DB(7-0,P) = | neue | 
| | | | 1st CMD byte last CMD byte First data (write peripheral) Last data (write peripheral) | Status byte : Message byte | | 
Bus initiator tries | Initiator has bus | Target “requests” | . | Varget | | | Target “requests” Bus is | 
Free | to get bus. | and selects target. | command from Target “requests” data | “requests initiator to take | | available | 
| | | | ; ¢ initiator. - | transfer with initiator . | | Pee | message 
: us | 

Picci eras st TAT M A 2 BUS L 
———— DATA PHASE PHASE PHASE ae 
ae | — FRx oe 


pB(7}{= Most significant bit. 


= Highest priority ID for arbitration. (Ending | (Interrupt) 


f<Read peripheral device>: status) | 


After initiator sees Initiator asserts data bus Target asserts 


Note: “C/D and does not L eu oon 


that bus is free with desired target's ID 


DB(P) = Data parity (odd). (“BSY” & “SEL” are not & its own (initiator) ID. assert 1/0” or. L Target asserts "I/O" and does not assert “C/D" or Target asserts Target asserts 


| 
| 
| 
| . 
a ARBITRATION] bers crt ei sl = —— 
Note: | PHASE PHASE | COMMAND PHASE —_______ 
| 
| 
| 


tely clear itself from 
arbitration (within 
“bus clear delay” time). 


asserted (indicating out- valid. “ACK.” 


put from initiator). 


Target then takes 


the data & then drops “REQ.” 


Target drons Data are no long- 


| 
| 
j 
4 
| 
| 
| 
| 
| 
data (command) on | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


If the initiator deter- Note: After the target sees eats are no longer guaranteed valid. “REQ.” er guaranteed 
mines that its own ID drop of "SEL," the target ask . . a valid. 
is the highest asserted is the only bus device that Initiator drops “ACK. Initiator drops 
Soli can assert “BSY," “C/D,” l ACK" in Target drops | 
then it wins abritra- "1/0," "MSG," “REQ,” (and response to the “REQ.” 


tion and asserts “SEL.” 
(it then may not change 


the data lines if “1/0”. drop of “REQ ” eo 
Then initiator 


| ! | | | | ! 
- Parity is not valid | asserted) it waits a | : | | “MSG.” “MSG.” Target then waits at least a “bus settle | | “C/D" & "1/0" “C/D," “1/0,” | | indicate that | 
during arbitration. | “min. of “bus free | After two “deskew delays” delay” before asserting “REQ.” and does no! “MSG.” After | the bus is 
The use of parity is a delay” and a max. of | the initiator drops “BSY.” | - After a “bus | | assert “MSG " | “bus settle | free. | 
system option. | “bus set delay” and settle delay” tar- | Target also puts data on the bus at least ; After a "bus delay” it | Ficaerane 
| asserts “BSY” and its | The selected target sees . | get asserts “REQ.” deskew delay” before the assertion of “REQ | settle delay.’ asserts “REQ.” [ ; se ' | 
Note: — own ID on the data the condition of “BSY” not | . ; | it asserts | initiator ge 
in a typical system, a compu- | bus | asserted while “SEL” & its oe Initiator puts Initiator takes data and asserts “ACK. “REQ” Target also | off the bus 
ter's host adapter will act as : ID are asserted. The | . | [ | asserts data | (within “bus | 
Ye aa aha - Ls LL Atter the “arbitration | ao ot ails by assert- | | it bus before asserting Data are no longer guaranteed valid. | Target hla baer at | Hien cory 
vices control unit wi "the initiati ing “BSY.” K.” 2 ‘i asserts data east a “des- 
as the “target.” | checisthe dace: | : ie L Target Grohe BES. | (status) at | kew delay” | preparation | 
| and clears itself from After two “deskew delays” | Initiator drops “ACK.” | least a “des- | before “REQ.” | for a sub- | 
| arbitration if a higher | the initiator drops “SEL” | Target | . | kew delay” | sequent 
priority ID (DB(7) = | alts may change the data | | sbi Bib ite se | before "REQ | Baas a | arbitration. | 
: ; ines. en drops “ ; | . sen re | 
| highest) is on the bus. | _ | is L <write peripheral CEUICES: laitiatdiakee | Eeuidandicaie 
L-  ifSEL" is asserted Note: After initiator L Initiator drops | target asserts “REQ” and does not assert | | data and asserts command done | | | 
| during arbitration by —| drops “SEL” it is the only | “ACK” & data. "10." "C/D." or “MSG.” “ACK”. | interrupt. 
another device, the bus device that can assert | | | i ; y | | | 
| initiator will immedia- | “ACK” and ATN (and the | | f- lnitiator asserts data & then "ACK" Data are no long- | Initiator takes 
| . | data lines if “I/O” is not | | | | er guaranteed | data and asserts | | | 
| | | | & | | | | 
: | | | 
| | | | | L | | | 
| | | | | | | | | 
L 


is asserted (indicating 


AM a (a eRe) A A (AIR ea SOAR aa ase) Fay 


any lines until after input to the initiator). Note: In theory, drops "ACK" in Note: This is an example of 
waiting two “bus settle more than one response to the a typical bus sequence. It 
delays”). Note: In systems in which the arbitration phase is not status byte drop of “REQ. is not a definition of bus 


implemented, the initiator first detects the bus free phase (“BSY" & “SEL” not asserted) 
and then waits a “bus settle delay.” Then the initiator asserts 

the data bus with the desired target's !D and its own (initiator) ID. 

Then after two “deskew delays’ the initiator asserts “SEL.” 

Then as described above, the target responds 

with “BSY” and the initiator drops “SEL.” 


SASI TIMING CHART 


could be sent 


Al 


ne ee renee ee weer ype eye ae ee ee 


Note: In theory, 
more than one 
message byte 
could be sent. 


protocol. 


Appendix - A. Timing Sequence Example 


(Command without Disconnect/Reselect) 


APPENDIX B: 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


(To be completed.) 
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APPENDIX C: Typical Bus Phase Sequence 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


Table C 
Read Data Transfer With No Disconnect 


Signals 
B S A M C I R A R D D 
S E T S { [ E € S B B 
Bus Phase Y LN G@DOQ K (7-0) (P) Comment 
Bus Free o 0 0 oOo oo oO °O re) re) fe) BUS is 
available. 
Arbitration l °o 0 Oo oF oOo oO °O fe) ID »4 INITIATOR 
" l | tries to 
to get 
BUS. 
Selection lt tlt 10-0 0.0 90 o ID],T V INITIATOR 
" o il ID],T V has BUS 
" l l ID],T V and selects 
" l oo Xx xX TARGET. 
ATN is on. 
Message Out |! o 1 1 1 0 0 90 Oo X X TARGET 
" ] 1 0 Xx xX has control 
. 0 1 0 Xx xX of BUS 
" 0 1 1 Message V and gets 
u 0 oe x Xx IDENTIFY 
n 0 0 QO X X message 
from 
INITIATOR. 
Command lo 0 Q0 1 0 0 @Q te) xX x TARGET 
iy 1 @Q X X gets command 
u l l Command V from 
rt 0 61 Xx Xx INITIATOR. 
0 0 X X (This phase 
is repeated 
for each 
byte.) 


Cl 


Table C (continued) 
Read Data Transfer With No Disconnect 


SED GP AD ED CUED ND SO OUD DE SO ED GAD ED OED ED ED OE SED CD CUD SEN FED SEE CRED SEED SD NED AR RD UD HED SEND OED tat ED OEP AD GAD SEND SED ED END GED EH GND COND Cam GERD CEES emMeD RD SEHR mm ENED AN flatly GRAD LAND OAD GAD ED OD SAND MOD GND SY GD GUD CLD EHD GMD CSE OD GUND AD OND GUND END aT ORD GED GUE GED WEE SOND CUED OND SED camp UD aD GY GD cam AED 
ERD EE) GRID ED GHD KEY EE END SED UNEP ED TD GR CD GD NT GD EU CUED ED RED GOD OOTY ND ERP GED GEM CPT ED GD AED CHEE GEN GUD CRED ENED TURD SED EAD GED CAND ED GE GAD ED NOES GR) GD GED GENS GED ck ONE) ONES CRED CAD GED OED OUD OD CE EUS cate GES AED CD ee I ate ED EE ED ED ee SE ED ED ED ED GD CAD OD EAS ED le aD ee ee ee 


Signals 
B S A M C I R A R D D 
S E T S [{[ [ E ¢€ S B B 
Bus Phase Y LN G DO Q K_ TT (7-0) (P) Comment 
Data In ] o ©6 «(C(O 0 860 i 0 0 fe) 4 D4 TARGET 
" l 0 Read Data V sends data 
" l l Xx xX to INITIATOR. 
" Oo 1 Xx X (This phase 
rt 0 60 Xx X is repeated 
for each 
byte.) 
Status 1 o QO O ] l 0 QO re) X Xx TARGET 
" l 0 Status V sends 
" 1 l ».4 X status to 
tt 0 l D4 xX INITIATOR. 
" 0.6060 D4 xX 
Message In ll o O t 1 1 Q = O O X X TARGET 
x 1 0 Message V sends 
v l xX Xx COMMAND 
" 0 J »4 Xx COMPLETE 
" 0 0 X X message to 
INITIATOR. 
Bus Free o 0 0 0oO0= oOo8©§= 088 0 Oo fe) fe) fe) BUS is 
. available. 


oO = Signal driver is passive. 

Q = Signal is not asserted. 

| = Signal is asserted. 

"Blank" = Signal condition is the same as the previous line. 
ID = BUS Device ID for arbitration. 

ID],T = TARGET's ID and INITIATOR's ID. 

V = Parity is valid. | 


X = The signals are not guaranteed to be a known state. 
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APPENDIX D: 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


(To be completed.) 
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APPENDIX E: 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


(To be completed.) 
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APPENDIX F: Error Codes in Sense Bytes 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


Table Fl 
Error Codes in Sense Bytes 


Class 00 Errors 
Drive Errors 


ERROR CODE 
— 0 | NOSENSE 
4 01 | NOINDEXSIGNAL | 
ae 02 | NOSEEKCOMPLETE 
3 03 | WRITEFAULT | 
4 04 |  DRIVENOTREADY 
4 05 __DRIVENOTSELECTED 
a rn NOTRACKO.———O—™ 
4 07 ~+| MULTIPLEDRIVESSELECTED 
4 08 |  NOADDRESSACKNOWLEDGE ~~ 
—— 09 | MEDIANOTLOADED 
7.4 0A —«|_~—sINSUFFICIENTCAPACITY — sts—S 
ae 0B | VENDORUNIQUE | 
ae oc | VENDORUNIQUE | 
4 0D | VENDORUNIQUE | 
ae a ea 
een: a 


Fl 


Table F2 
Error Codes in Sense Bytes 


Class 01 Errors 
Target Errors 


ERROR CODE 
4 0 | 4-LD.CRCERROR  . 
a 01. |  UNCORRECTABLEDATAERROR tw 
—_—* 02 | 4LD.ADDRESSMARKNOTFOUND 
ar DATA ADDRESS MARK NOTFOUND 
4 04 |  RECORDNOTFOUND  —————™ 
4 05 | SEEKERROR 
ae 06 | DMATIMEOUTERROR 
a: 2 ae WRITEPROTECTED— sts—~—sS 
= 08 | CORRECTABLEDATACHECK ——————™ 
[3 09 | BADBLOCKFOUND | 
_ 0A —*«|~—SsINTERLEAVEERROR) ss ststi—(‘—s~s~S™S 
4 08 | DATATRANSFERINCOMPLETE 
3 oc | VENDORUNIQUE 
_— 0 | VENDORUNIQUE 
a 02 § | VENDORUNIQUE 
sees ween 


FZ 


Table F3 
Error Codes in Sense Bytes 


Class 02 Errors 
System Related Errors 


COD AD OS GED ANG GREY ONE ED A GG ANP GED HED MRED OT OA SERS CED OSD NY GN, SAUD GEED SED CSTD GUND AND COED LD OED ED GP ND OD AS ED SE OS ED ED ND Ga CED GE OE SHED EES GE SEND RD ED ED SD SEED OED MEY OPED ED REED RUD RED OND GI SIE EO) ED GY GE SEED RD ORD CED GED GANS ea ORD OD ceeD oe 
ED GERD OMS ED GAD EY ON EAD AOS CN CAD TD RUE ID CEES ED ED GRD GE OED EYP GATED GED OFEE GEN GET CRS GD EP GED EERO CNP GO END GEES GRP CLD GN GENS TMD GAA UND nip GED GEL) ERD ESE GNA Gt CN ONS MD GSD CES GED cinlp CID CAND HED Cu A CUD EID GRD OO OED GET OUD ene GES GeniD ERD Cl te Ge EA aS CON ERS AEP am ome 
AD GED GED CE) ED OTS GD GEER EP GD GEM GED GER GW AUT GARG GRD GOD WED GUT GED EIN GUD AND GS GED GUID GERD OED COGN ED GED GL OTD GLY GUD AE GED WED GD GIES AEP OUND GING GND CUED GRID CV HORN SAND GED AEN Ga CSOD GED WEED GUND TED SEER GERD GD CHES CAD KMD HRI MEER st CHED CHD CED IUD aD aI ME OE) SE CN OND cD ED SEED ay 
EY ED GS TS GND GE OSD EN CED AED GORE GNP GERD SRD NED END OSES CUED MED EES GUND CST GD OGD GN MULE GERD ME; GE CANS CHEE SHLD GRID CL CUED UEED CHD IED AD CH GD GI GUS AD ORS SED GOED GED GRID SED RT GRD SD GUD GUD aD GED GND GED OUR OED IED WED CAI GCA GUED CEES OED GOD RED GED CE GD GaNY ET GND Aud END OED OD EY 
AD ED GD OID GE AEG CIA EAD OND GUTS GA GD SEND OATS EG GD Oa) ETS GAD SEED CED ETD GED EE CONE OED GS SED GAWD GID CED FUG GUID ED OED EP US GAD GD GERD CED GED Grp aD AED Soli ED GAPS SUED SHED CED AUD WD CG GERD Enid GED HED HD GMD UE CS GE ER CED GEM OED SND EES GD BAD WET GEN TEND COS GED CEE AE EE GED ED ee 
SR OEE CD SE UE ee Sie GET GO NED ET Gath GD OAD a RD ES CD OES GI GUUS SNEED CME CD ED CUD CUED GEE AND cam EE? EALY GED GED GD CUD CRD ERD OND GoD CID GEN EY ERE TAP GAL GAM SNS STD OMEN URL) cml GUD GAS SAD EB Wile SED ED OUND ORTD atte EHUD GUND AED OAD CRED OO GD ED CMD O0Gl GOD WEED CAE GUD OUND EMD OO TD OD aD 
ED CS CODD GED GED MO CHD CD SY CSD SEY GUD SEP ELT CED I SG GEE SEY CSG AY) SENN SD ED SS GD CAG EM GS SAE GUN) TY GD CAE SD GD CD OND GNP GME GHD TUS NS CAD ALD MER GENE ANNE GND GED GND END SED GE GUND OA GND GED GRD ETD GED ORD CED GUD OES HY GED ORD GED GED GE SLID UEP GUE EAD OD GD a ae ED a cD 
EP ED SEY GP ES ey Sb ORD GSD GRD ED OE Aa GED ED Ae a ee enh OR GED GUE OLD CD ED CRIS SEND GUD Ah een CANS ATED GETS AUD ED RE CED AED ED AD EP OD Ge EO GE ED oe A Ee a GE ED ED ED CD ED A GD ED CE EE ES GS CT GED OSES GE ED EP TD 
ED GED CUP CED GED CP HE} ED EET GED AL CY GED WED HE CE CAND GED OED CED ERY CED GHD GLE OWE GED UIT CEP CED CRD CHD CI GD SAD CD GRD GF KEP OAR CE GED CED Ga GED GED GHD 6 EC GD GAD GAD ASTD AER] END CE ES GED GD GD GED CHD GES GRD ED GED CAE) OED AD oo GED CED OEE) GED OR? OD GIT OND ED ED ED OS 
SP GED OEE CED CD ED ORT GATS OES GN CED ED ME GD EN, GAD GOED SEH CORN END BE SEGUE ENED SER) UD CA CHAD CAM GAD GUE GD GHD GARD CTD EAD AED AS OMIA CED CAE CHD SESS CMD GRD GND GD GAD ESD GED AD GLI) GED SED GUE ENS GED CNG CED GEN OND ORD AAD DD CD END AEH GRD ES ANN ET OED MUD ED CU UTD CED CE OEP OM CUR Aa ED 

AD OD CID GED CED GED GED IND CHA CIES CHD eH END AED GED OND GED ad GAD aD OD GERD RE CIES ND NED CAD OSD OED MENS GED AAD ID ERD AAD UD ENS CEA MND RATS END ERD AEN COED CAND ENR CUED NEY SEED OND RimtD OMSD GENS AEE ND ARENDS MEER CD CARD MAD CLR ANT) EAD MED IED ea CARD CHRD CRED COED GHATD LONE EAN OOS HO TS ATED OD ORD 

OED CED CAND GMS OED ED CTS SERED KET CED MED AAD CHAD OD A CED ED oD COS eA COD A OD ND CED EAD CN OND GEN GND CE ED CRE END CD CMD EES AD CD GEN GENS CD ORT OED CREE AND CED OND CAD OED GD GED SEP CA GID CED CUNY GUND GEE CED SED CRUD UD ED URE CARD SIND ON NY MEE OERD ONG) CRED SUED CUED GID GHD OND AED TED 

ED GOES CD CRS ED CAS CED CER SU GED CD CED SS ED ME SND OD CANS AE OE OS Mae RD OEE ERD GME ce Ned CED GED GD GED CN CD CED GAD GN GERD GY CD OUD OY GED GED CER GAD CD GED GS GAD CD ENG OUD ED AND ORD CED ND END LED AED AEN) GND CE) GOD ED GID GE GD GD OED OLE CED COU) CRD GED TOM GRD ES CD aS ca 

ED A GUD GND CUD Ged BEA ED CA KT eR OM NS SUNS EET ED BERD ned oe) EXE GERD RA HIND CULE HED A CD CORD CONS KD OM EAD CHER OD CHD CANUD EAD GOR CalitD MED ent ALAND CULE aap GER/D RD CEE AL CRM CUED ME MA GONE AMD COLD SEND OEE CUED WUE GND ECD GED CR OULD CORD ORD CRED UMD GRD ate RD OAD CED CHD Ci GRD GOD Gi au GED aE ae =D 

ED ODD ED AD SED GT GND AAD RTD GENS ED SED ER GMD CD GED CAEP MLD ee ORES HiD SOY AMEND rth AED CBD ete AG Arild AUN” CD MET GEIS UNS GERRY GINS CED LARD GULED END COLD CLEND CHD GD AIAN CHAD OAD HERD CCID GE) OTD GRAD CUED CRD ENS AED eT CTI GET ENTE SERN NID tie CD Mant GRY MEANY GAEID AOMED WAND ERAS MED MEED CORED SREB GED ATED MD UND EOD EH etm cone 
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Table F4 
Error Codes in Sense Bytes 


Class 07 Errors 
Extended Sense 


Sip TED OREN CERRY RRS EE CY ID OE CED GND OED ED UT ED GE COGS ERD WED CEE WED REND AREY MD CRE ent CUED OODE ESE amp EG NEAR GAA mS eal AI cite NEN Cotes ccs GE GAS MHA CARD CID <TD GG CED END GD GND SHER ORES GHD ae GUND UTD AED GORD CUED EL? CAR CED GETD GUND COND CED Cae GES) CAEP CHE OS GND ORD TEN SEP SED CED aD aR GD 
AD ED ND OEE AD OED ED AD ED ED ED GD. ND ED ERD ED ED AD EAD GD ED GS EBD GD GED. ND ED ED EN) A AD ND GED CUED AD GED CHD UD CNG GND. AD TED CAND GAN GAEND GET GAD GENE GATT GD COND ND CED CED CED OEY SD ENED CANS COND SAUD GENE GUND GUND CED GUND CAND GENE SEED UD GD GED GAD GD GED GUND GUND END UD AD SUS GREP ED 
ED ED ED ED ED GED ED AD. ED ED CED EE CER OES ER OED EE ED ED ES ED ED NS AE ED AD GED ED ED GAN OE GED ED GND SA, UD AAD AND GAN GE US SED al) GED SED CED SED SRN ND GAN CD ED GUD CUD GD GED GUND AED GUNS CD GED GND GHD CED SED GENS GND ED AD GND END GED CD GD UE GHD CAND GD GND CHD GD GRD GD 
EP ED ED ED SES ED AED ED EE ND OED GED ER ED ED ED A ED ED ED EP ED 0 A EE ED FED OED ED ED AD ND CED NS ED EE ED ED ND AD CO ND GD ED GAD AD GED AA, GND ED GED. OED GD AND CAM GND GE AT CUED ND WANS SED NS AAD GAAP MAND GND ED AED GD MD GED GUD AED ND GUND GANS AED GD GEER SUNN GN ED 
SD Gk ERY GEE OD GS OD SHS aD cue CED EE GES CED GD OSD CE OD Gt CD ED iy Gish aes GENE ts ERT) GD ORS aati CRED GED AED ORY CED GED RED GND GERS EP CEP OUD ERED aE) SLED ND OEE CUE) CD CTE RAD GND Gam GAGE EO CED CRED Rte GREY ied ate cin enty OTD CURD END SEED SUN WORD Cl One RD GM CED RE ED GD Oa ca OE ED ee 
ED ED COD ORD GEG CA CORD AD GHD CD GD CNA tah GUD ORY AED GRD AD END AP ONE AD LD ES CEES ND GEES ENED GUND A) ED GENS GRE GED SEED ERD GED EEED CON GUND GD cE GOED SEED SEND EEE GS aD eh ome CES TD CED TERED CN ORE) CEES GRD RD CED EAD CLE ED GEE eet GU OTD OEE ee <I CED ERS Gah AED OEP CH OE ED GD OE OES oS 
AD CD CEE CAD CNN NEN ERD, AN AD ED OES SEED AD CS AE SE OED AN ANE TS GENES ON ED CUED AED ULE SN ND OAD SD END MAND GUD COP CAND CHD SAD CED OUND WAS GRID CRED GARD GNED OND CAND GREP GUD SEND CUED FOND GREP OUD SURED GND SED HOUND ANN OUND ND GUND OND CUNY SURE ARE COED COU GND CRED WED SHOR GRD COD CRD GUND MUNI CUED MOUND ERD “ORI GUD ae CTD 
ES GEE ED ED CR) SE EP EG OS) AD A) ED ED GS) GD CD OD Se Ee ce es eh ED COED GE ED SED OTD GE ORNS CS GES GEER EY ED SED ED HED GU CTS CED ES Ce CUD CU TE cep OD Ti Et ee Gli Te a ED GED MH a Co ERD CU GRD SAP CH) GED ON EO GED GEE ED CE SD ED GD: GS CEES ED aS 
ED ND CAD TED GND EES CSD CED END LED IND CNS CED UT AED GED COD GES GED AED GD UE HENNE OED CORD AD NITY GMD UD CARED CD GUND GAD ED CAS GED AAD CEN coe ae END GD OND ND GT GEN CANS aD ED AED AEN HEED GA AE GND AED OD GD IE CED ON MED CBD SRD CD OED CSD SOW GED SOD GE CED GRD OND ED SAD SED ED GED CEE ED ED 
ED AD CED CUED ED CRN ED GED ARE CE ED GED GED GED OED GED GD ED END GED ED ND QAO OOD GE AD AND AED ND GAAD GAD ETE CAND END CUS CHE CAND ED GND GED GND GA NS ND MED GED CAND GEN GED WED AUD GUND HAM GD HED THES CUED GND SED CUED GND GARD GND GED SHED GUND WIED GD GD AED GED SUN a GED UND AD CED GD GH GED GNP END ND 
ED ED ERS NED SUR CE ME GRP cae GERD UN RD END ED COND eRe Gu CREED ceAED EE CU tS GAS Cie GAT CS ID RED GED SGN SE CEA “ERED CHD em amp Sein WEED UD eo GARD GE eruED HTD GEA CHR) GED CA GAT SEND AERD SET CTD COND CUES AD CN GENE CRD a GD GHD SE QED INNES CRD EP SEND GRY GED GR GS SY PE MD SEED SED SAN) NS GS A SD 
CD ED OS CS AS GED FED ES OED OD AEF SED ae SHE RD EY SAT Gad ed) SD OSE ese A AE CER AND ARES UTD ED any SED GAR AED OD eet GED SES ED Ca CED CD GP CE ORE GED GEN CEE CN ED GHD GND ak) HIER CAE AD Cece SD MEN CAND OE SE ER AED ED GET ND CAE SD GD AND GERD OMEN CED EI) OES GIGS AED GU SED ERD ED oo 
CES Cam CD CTE witha my SD END aaw ares Cte CLP aed aS Gar aR SE ee ED OD GED aan Ufed Eye GD ee ane GRD GE onm ena Gi adh GOED wake comb cmap ai erep GE sat mabe qanp cam GUE CNS GERD ED GR CHER CRED anid GD CED ONE SEE) GE ED GHEE Unie WELD CORES Ge AED GMD cate AD ENO ih GO SRD COE ES ERD CORD GD OE cae ee OES CRD a 
OD AED CD GD Oi Cia GT AED GINS ETD GOED OEE ably setts Oa QTD GERD cat AED GED OEP emp MD MAD GED cod OED END OED SEED cit GEES AED GD ee hd SARE SAND Grae SEk GAR GD coh sim ame ENED AD ci Gu CUED SMD CUR GAD GEN) GERD CON SEED AED. AD GN ED SEED A UE GD NE GN CD CE TERRY GED AED ED TD ES OS en GD A GE 
ED ED ED ES GEES SED EE ED ED. ED GD ED ED GD GD. GED GED ED ED GED ED FS ED CED ED GED ED: CHD ED GD GED GES OED GED CER OED GEE NO EE ED ED ND EE ED ED GE Ee GED. ED OED ED GED CED OED GED ES. ED. GND A GED CT GE. GE. ED Es ED 0 aD 0 a 0 Ds GE 0 a a ee 
SED ES SED SED EES EN ED GED ED CAE EEE EE SD ES ES ED AED ED A CED AD ED ED AD ES GD ED ED GED ED NS ED ED EAD ES ED CE, ES A ED EE ED ED, WD ATE SD GED ED GND AND CED GED GAD SED GUD GS GND GUE GED CHR AD NED GND OE GED ND GED GUD AED GD SED GD GHD GED GED GD CNS AED AES GD HED 
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APPENDIX G: CommandcCurrently in Use 


"This Appendix is included for informational purposes only and is not a part of 
the SASI Standard." 


The Shugart Associates Systems Interface (SASI) is an ANSI X3T9.2 project with 
the objective to inter-connect multiple small computers and peripherals. The 
SASI is oriented to a future environment of distributed logic which is device- 
independent. 


The original working document for the SASI was based on the Shugart 
Associates System Interface (SASI). The SASI is currently in use by a number of 
manufacturers and there was a strong industry desire to enhance and extend the 
SASI. Different manufacturers were beginning to evolve from the SASI in 
different ways, and this was the root of the desire for an ANSI interface, so 
that all could grow to a common goal. 


At this time (circa 1982) there are a number of different SASI implementations 
which have many device-dependent. characteristics embodied therein. Even 
though the functional differences affect interchangeability there is a high 
degree of hardware compatibility. 


It is the intention of X3T9.2 to ensure that the current implementations of the 
SASI will form a viable, compatible subset of the SASI functions as device- 
dependencies move towards device-independence. 


The addendums in this appendix represents a composite of all commands known 
to be currently in use by different manufacturers (presented in the same form 
as Table 2 in Section 6.3) and descriptions provided by SASI manufacturers of 
their command repertoires. 


Addendum: I Summary of Commands in Use (To be completed) 
II Cynthia Peripherals (See: ANSI X3T9.2/82-11) 
III DTC (See: ANSI X3T9.2/82-12) 
IV OMTI (See ANSI X3T9.2/82-13) 
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